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PREFACE TO THE THIRD EDITION 


AltkeaTions liave been made in the arrangement, of the 
book in this edition. An introductory chapter has been 
added dealing with clinical inNX\stigatk)ns, as an indication 
of the value of the methods subsequently described and their 
practical application. 

The (ilinical portions of tin* book ||ikve been ('xpanded ; 
thus a section has been added on thei ^ft(ir-(‘are and treat- 
ment of diabetic jiatients, and the graduated diets Jiave been 
set out in the form of the daily meals BO that their practical 
application is facilitated. The investig^ion of the condition 
•of tl^' e:f^ljj^ladder hy means of eholecy.^ograrns and the use 
of lipiodol injections in diseases of the lungs have been 
d(‘seribed. These two sections are illustrated by X-ray 
plates. 

Further alterations and additions include the recent work 
on the van den Hergh test, the galactose test for liven’ function, 
and an amplification of the description of the phcnoltctra- 
chlorphthalein test for liver function. ^ 

The chapter on Blood Analysis is now placed at the end of 
the book, but in order to make this 
colorimetric methods of urinary analysi 
The special blood examinations are 
sej5iaidfle chaptcT, and the article on 1; 
been'amplified to include the recent woj 
•This of importance as showing the 
which have been found necessary before a transfusion is 
eWied out, to avoid the risk of death from incompatibility. 

We wish to express our thanks to Mr. Tudor Edwards for 
reading th^ section on lipiodol injections, and for supplying 
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Vi PREFACE TO THE THIRD EDITION 

us with the X-ray photographs. These were taken frran 
patients under the care of Dr. W. C. Bosanquet and Dr. Cecil 
Wail, who have kindly given permission for their repro- 
duction. We arc indebted to Dr. F. G. Nicholas for the 
normal cholecystogram obtained from a patient upder the 
care of Mr. Gordon-Taylor, and to Dr. J. F. Brailsford for 
the abnormal one. Our thanks are also due to Dr. D. T. 
Davies for supplying us with some unpublished results with 
the galactose tolerance test, and for general help with the 
chapter dealing with hepatic efficiency. 

Our pubhshers have once more rendered us every assistance 
and allowed us a free hand in the rmrangement and altera- 
tion of the book. We hope these changes will increase its 
value. 

G. E. B. 

E. C. D. 

London 



PREFACE TO THE FIRST EDITION 

During the last decade chauges Imve taken place in 
medicine, especially in the routine methods adopted in the 
, clinical and laboratory investigation of disease, and also in 
certain forms of treatment. 

This book has been compiled with ^il^e following objects : 
to assist practitioners who have notl^Kl the opportunity of 
recent post-graduate study, to fami^ise tficmselves with 
some of these advances ; to jirovidO |i reference book J'or 
those who are working for the hig|er examinations in 
medicine ; to give candidates sludymg for the primary 
^cxai)jtin{>4.iQp for the Fellowship of tie Iloyal College of 
Surgeons an account of the application of physiological and 
biochemical principles to medicine. It is also hoj)ed that it 
will prove of assistance to the laboratory worker in that the 
recent chemical methods are dealt with in detail. It should 
also form a link between the wards of a hospital and the. 
laboratories, giving fuller details of methods which ‘are 
alluded to in medical textbooks, but often omittci^ from the 
handbooks on clinical methods. The recent work of American 
and Continental authorities has also been incoqiorated’. 

Otie of the chief difficulties has been to decide the actual 
scope of the contents, which of necessity encroach upon the 
doluit/as of theoretical medicine, therapeutics, biochemistry 
and bacteriology. The guiding princi])le has been to confine 
•the inbjcct-matter to a description of such methods of 
diagnosis and treatment as arc used for medical patients in 
a general hospital, and which can be justly termed “ recent 
advances in medicine.” 

Great care has been t^ken to give a workable description 

vii 



viii PREFACE TO THE FIRST EDITION 

• . ^ ' 
of each procedure, all tcchuicpies described have' been 

performed personally by one or other of us, and the accounts 

are taken from our notebooks. Althoiigli these may difha' 

slightly from the original descriptions, the methods described 

have been used by us as a routine for some time, and have 

given very satisfactory results. We have attemj)tcd to 

state the value of th(‘ results obtained l)y the various tests. 

The authors wish to express their indebtediuvss to tlu* 
nunuTous writers whose works have bcc'ii consulted, and an 
endeavour has been made to ackrmwledge tliem by the list 
of references. 

We liave pleasure in thanking Sir Thomas Lewis for 
j)ermission to rej)rodu(*e the cle(‘troeardic)granis taken from 
his book entitled “ Clinical Elect roeardiogra])hy/’ Dr. U. E. 
Bedford has supplied the polygraph tracings, and has also 
read through the proofs of the eha]>ter dealing with the 
heart. We are grateful for lus valuable suggestions and help. 
We desire also to thank Dr. T. Izod Bennett for eritx'ism 
of the eluipter on the stomach, and for p(M*mission io rt'pro- 
duee the charts illustrating the results of fractional gastric 
analysis which appeared in the Journal of Clinical Hescarch. 
Further, we wish to express our thanks for the loan of certain 
l)lo(*ks : to Messrs. Hawksicy & Sons for the one illustraiing 
the Jacqiiet polygra})h ; to Messrs. Allen and llanbiuy for 
the block of the Burrell aspirator ; to Messrs. Doun Bros, 
for those illustrating the pneumothorax needles ; and to 
Professor Harris for the diagram of the electrocardiograph 
from Anrep and Harris’ “ Praeti(‘al Physiology.*” 

In conclusion we wish to acknowledge th(^ unfailing help 
which we have received from the publishers of this volume. 

(L E. BEAUMONT. 

E. U. DODDS. 

London. 
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RECENT ADVANCES IN 
MEDICINE 


CllAFl'Kll 1 

CLINICAL INVESTiaAnONS 

J)esimtk i\ carcrul clinical examination, ilic importance oT 
which cannot b(‘ o\ (‘r«(‘siimatc(i, it is often impossible in 
medical eases to arrive at a correct diagnosis without cmploy- 
in^f further in\'(‘sti,uations based on certain rc(*(‘nt advances 
in medi(*inc. Patients com])lain (»f symptoms, f)r on rxanhna- 
tion f^^»'ns ar found, rcf(Tablc to certain ])arts of the body or 
sysicms, and \'arious modern methods an' of valiu* in their 
elueiflation. 

An outline of the clinical aj)j)lieation of such m(*thods 
may aid th(‘ practitioner in his s(*l('ction of the invc'sticrations 
r(a|uir('d in ])articular cas<‘s, and also indicate' what Ix'nclit 
(he ])aticnt may cxj)ccl to de'rive' from allowinif them to be 
p(‘rformcd. Jn many instan(‘(‘s in which tiu' dijf^mosis of 
(he dis('as(‘ is in doubt it may Ik* n(‘C(‘ssary for the ])alicnt 
to be admitted to a clinic, hospital or nursing home for 
furtficr examinations. In other eases special forms of treat- 
itient are' re'quired which can only be adeeiuatcly and safely 
initiatc'd in institutions (‘({uippe'd with laboratory and X-ray 
facilities. 

Thc‘^indieations for the scope of such ifne'stitrations, the 
^ nature of eases in which they are ref[uired, and the helj) 
whi(‘h may reasonably be (‘XjX'cb'd to accrue' from them will 
be su<^^g{'stcil in this eiiajjter. The ae*lual details of the 
examinatie)ns are dc'seribed in the subseepient ixwtions of the 

1 1 
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2 CLINICAL INVESTIGATION a 

^10 '1^ t' 

book, and those diseases alone will be V!6n.sidere<i to 
which these methods are applicable. For convenienfe05»^fbe 
conditions which may require investigation may bc*^^.ssilied 
according to the system of the body principally affected. 

Digestive Disorders.- —A large proportion of cases wliieh 
require special investigation are those in which ‘‘ indigestion ” 
of oiu* sort or another is the prominent feature. In the 
majority of such easc*s a routine medical examination is apt 
to be ineon<‘lusive unless there arc definite signs of a tumour 
present in the abdomen, or of the digestive sjmiptoms being 
secondary to disease of some other part of the body, such as 
of the heart, Jungs, or central nervous system. In the 
primary digestive disorders, therefore, tJu' diagnosis is 
usually arri\"C‘d at largely by a careful eon.sid<‘ra.tion of the 
history and the symptoms of the ease. In order to establish 
the diagnosis, liowever, the practitioner requires more 
accurate information, especially with regard to th<‘ secretion 
of the stomacli, wheth(T the acidity is greatcTror lesL, than 
normal, the rate of stomach emptying and its position in the 
abdomen, wh(‘ther or not there is any indication of gastric 
or duodenal ulcer, or of gastric carcinoma. It may also be 
necessary to determine the presence or absence of cholecystitis 
or of gall stone^s, and examinations may be n^quired to s('(‘ 
whether there is any deficiency on the })art of the pancreas or 
liver. 1^10 rate of passage of the food through the stomach 
or intestines, and the appearance of the a{)peudix, if showai 
by an opatpu! m(*al, will likewise throw valuable light upon 
symptoms iji certain cases. ' 

l\)r a complete investigation of the gastric function, a test 
meal is required, and the information yielded by tlTe frac- 
tional method of gastric analysis is certainly more instructive 
tlian that afforded by the one-hour method. By thi^aneans 
the rate of stomach ctxiptying, the presence or absence^ of 
gastric stasis, the acidity of the gastric juice, and at times the 
indications of a new grow^th in the stomach ng^y be ascer- 
tajned* In such cases also the faeces should be exiimined for 
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the presence of occult blood, for if an obvious source of 
Kfcniorrha^e, such as the presence of piles, be excluded, and 
if tbe*lcst be (‘arried out with due prc‘cautions as to diet, the 
finding of blood in minute quantities is valuable cvideiuv of 
an or^niie lesion in the alimentary tract. The X-ray 
examination, after administration of mi opaque meal, will 
show the size and position of tlie stomach, the presence of 
persistent deformity rc'sulting from an or/^anie cause such as 
stricture or contraction, tiie rate of pfastrie emptyinir and in 
some eases deformity due to the ))refiije^e(‘ of an ulcer crater. 
Irregularities of the iirst ])arl of the ^tiodenum, called from 
its shape the duodenal cap, are more i^tihieult to interpret, as 
they may be caused by a lesion such itef an ulcer, by a rellex 
contraction of its wall, or by pressure l^m without due to an 
enlarged j[rall-bladd(‘r, glands in the J)irlal fissure or other 
causes. The rat(‘ of jiassa^e of the naml throuj^h the intes- 
tiiu’s can also lie t,miuy<*d, visceroptosfs (*an be visualised, 
and In soinc* instance's si^ns of disease of ihe a]>pendix or 
the ap]Karanee r(‘sultin^ from dnertieuhtis of the intestines 
can be seen. The me thods for carrying out these iiwestiga- 
tions are described in Chajiter VI. 

Pancreatic Disorders. -Chrome symptoms of indiijf'stion 
are' more rarely due to lesions of the pancreas. Certain 
symptoms, however, may indicate the jiossi bilily of suefi an 
origin, and justify furtluT tests beaiig jx^rformed? Thus if 
patients eonqilain of wasting, loss of appetite, abdominal 
])ains and the ]iassage of bulky and pcThaps oily stools, a 
suspicion of a pancreatic origin for tlieir troubles would be 
justifi<‘d. Oth(T s}mi])toms as glycosuria, or jaundiee, might 
also warrant an investigation of the pa nereatie function. The 
methods lobe adopted in such eases are described in Chapter IV. 

It ^ usually diHieult to differentiate clinically acute 
}:^nereatie lesions from either acute abdominal eatastrophies. 
Examination of th(' urine, to determine its diastase content, 
is a test 0% very great value, as in acute pancreatitis the 
diastase figure is considerably raised (sec Chapter IV.). 



4 


CLINICAL INVESTIGATIONS 


Hepatic Discrders. — An accurate clinical diagnosis of 
chronic cholecystitis, especially when occurring in patients 
who have never suffered from an attack of biliary colic or 
jaundice, presents great diffi(*ulties. The symptoms of in- 
digestion in such cases are often suggestive, but arc adgiittedly 
inconclusive ; further investigations are thus of value, and 
may be carried out on the following lines : The blood is 
exaryuiicd for the presence of bilirubin in ex(*essive amount, 
eitlier by th<^ Fouelu't or van den Bergh tests (see Chapter V.). 
A sain])Je of bile may be withdrawn through a duodctuil tube 
alter the gall Idaddcr has been stimulated to contract by the 
administration of magnesium sulphate, in accordance with 
the Lyon technique. An X-ray })hotograph may be taken 
to see if gall-stones are reveah'd. A more recent test is that 
of (*holeeystogra})liy, which is also described in Chapter V. 
In this f)roccss, a drug such as tetraiodopbenoJphthalcin 
is administered by mouth or intravenously ; after absor})tion 
it is carried by the blood to the liver and excrete^ in the 
As it is opaqu(‘ to the ravKS, it rev('als the outline of tlie gall 
bladder, and th<i smootli and regular cojitour of the normal 
bladder can be distinguished from that deformed by the 
presence of stones or distorted by intlammatory changes or 
adhesions in or around its walls. The limitations of this t(‘st, 
wliich although })romising, is still in a somewhat immature 
stage, ar6 discussed in Chapter V. 

The practitioner is often faced wiili conditions in wliieh lie 
bfJieves the hepatic or biliary functions arc at fault. In 
clinical states of jaundice, the van d(‘n Bergh test is a nVans 
of differentiating between an obstructive or non-obstructive 
cause. The techni(iue and limitations of this procedure arc 
described in Chapter V. 

The actual tests for hepatic function, althougk very 
numerous, are on the whole somewhat disappointing, Im 
certain cases they may, however, yield useful information. 
Thus if eclam|ysia be threatening, the hepat^ and renal 
function tests, considered in conjunction, are helpful guides 
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to treatment. They have also been during the course 
of salvarsan therapy, if an idiosyncrasy to the dru^ be sns- 
peetcd, and may then indicate whether or not it is dan^^erons 
to proceed with tJie treatjnent. 

l^nal^ Disorders, — One of the oreatest difficulties with 
which a practitioner may be faced is to decide whether a 
patient who has albuminuria is sufferingr from a condition 
due to, or likely to lead to permanent retial damai^e. In 
such cases, in addition to the clinical exaniinatioTi of the 
heart, arteries, blood pressure and o])tte discs, and observa- 
tions on the relation of the albuminuriii^ ])osture or (‘xercisc, 
special examinations for renal func1|i^ should b(‘ carried 
out. These are considered in Chapter 
The importance of a chemical exan|i4ation of the blood 
should not be overlooked ; th(‘ estirniitiljn of the urea and 
non-protein nitrogen is of value esi)ecial|y in cases approxi- 
mating to the chronic inlerstitial type, | whereas the blood 
cholelterol ftnd chloride figures are mastHikely to lx* raised 
in chronic parenchymatous nef)hritis. The prognosis is more 
unfavourable if the amount of these subsd^ances in th(‘ blood 
is found to be raised, than if they remain at their normal 
level. There are also several tests of renal function whi(*h 
do not require elaborate ap])aratus and can b(‘ carried /)ift. 
by the clinician, such as observations on water (xcretion, 
renal test meals, and the urea concentration tesl. These 
will give a rough idea as to the excreting powcT of the kidney. 

In^the albuminuria of ])rcgnaney various clinical problems 
arise, the solution of whicli is discussed on pages 30— B5. In 
all cases of jirojeeted operation upon the prostate gland, 
blood examinations are a necessary preliminary in order to 
determine whether or not the patient is fit to stand the ojxu’a- 
tion. •The blood urea and non-protcin nitrogen content 
should be deternuned, and the significance of the findings is 
discussed at the end of the chapter on renal function. The 
reasons wh]^ such blood examinations liave entirely .su})er'' 
seded the older clinical method of estimating the urea in the 
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urine are given on page 23. In coma, due to suspected 
urremia, in addition to observations on the urine, chemical 
f^xaininatjons of the blood and cerc?bro-spinal fluid are of 
great value, as tlie urea and non-protein nitrogen figures are 
usually although not invariably raised in botli these fluids. 
The absence of blood from the eerebro- spinal fluid is also 
evidence against the coma being due to a cerebral haemor- 
rhage which is so liable to occur in chronic renal disease. 

Respiratory Disorders. — Patients who suffer from hay fever 
or asthma may have their cutaneous protein reactions tested. 
In hay fever this is chiefly of importance in order to determine 
duriijg the winter whether or not the patient is in reality 
sensitive to })ol]en, and if so to desensitise him before the 
ensuing hay fever season begins. The prophylactic method 
of treatment is described in Chapter XL In asthma the 
cutaneous tests should also be performed, as in some instances 
in which the })aticnt is found to be sensitive to proteins, a 
cure may be effected by removing the offendinjf subsfnnee. 
This is especially so when the patient is found to be sus- 
ceptible to feathers, which are usually present in ])i]lows, 
cushions or eiderdowns. In other eases, however, it may be 
impossible to remove the protein from the patic“nt’s environ- 
itieiit, as for example, in asthtna due to horse dandruff, or to 
eats and dogs. In such instances an attemj)t at desensitisa- 
tion should l>o made by repeated injections of small doses of 
the jwotein. In other cases the asthma appears to be more 
complex, as for example, when a patient gives a j)ositive^skin 
reaction to some article of food such as fish, but removal 
of the substance from the dietary does not effect a cure. 
The methods for carrying out these investigations may foe 
found in Chapter XI. 

In obscure diseases of the chest, as when a mediastinal or 
pulmonary new growth or cyst is suspected, and when the*^^ 
X-ray apjx*arances are inconclusive, the establishment of an 
artificial pneumothorax may enable a clear and more decisive 
radiogram to be obtained. This is especially so if the under** 
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lying condition is obseun^d by a pleural effusion. A gas 
rcplaccrpent of the fluid is then of the greatest value, as 
after the effusion has becui aspirated and repla(‘ed by air, 
a clear view of the condition of the pulmonary root can be 
obtaine(i by X-rays. In pulmonary tul^erculosis, bronchi- 
ectasis and abscess of tlie lung, the induction of an artificial 
puemnothorax in many instances constitutes an important 
advance in treatment, and a decision should always be tnade 
as to whether or not it is indicated. Sucdi considcTations, 
and the technique of the oj)eratiou are described subsequeiitly 
in Chapter X. In many instances in wj^eh the ])atieiit com- 
plains of exjx'ct oration of offensive spl^j^pn, it is di/Kcult to 
decide by ordinary clinical orradiologicid^^iamination whethtT 
a bronchiectatic cavity is present. Ai^iJC-ray examination 
after the injection of lipiodol into the tl^hea is of value in 
revTaling dilatation of the bronchi, and ilfo shows the extent 
of lung involved, and whether the disedi^ is bilateral. Tlie 
inforilhitionitluis obtained is essential in deciding the nature 
of treatment to be adopted, as deseribed in Chapter X. The 
orclinary nx'dieal methods of treatment of bronehicH^tasis, 
such as the use of creosote by the mouth or inhalation, the 
administration of vaccines, ami postural attempts at drainage 
have in our ex]>cric‘nee proved praetieally valueless, and tlw 
more re‘cent ])roeedures such as artificial pneumothorax, or 
if tliis be impossible owing to tlie presence of pleifral adhe- 
sions, surgical measures such as evulsion of the phrenic nerve, 
or thoracoplasty eonsLitute an important therapeutic ad- 
vance, the bcnelit of whi(;}i should be offert^d to the sufferer 
from such a disease. In the case of pleural effusions it is 
at times advisable to aspirate the fluid and rejilace it by air ; 
the reasons for doing so and the technique of the operafion 
are dAcrilxid in Chapter X. These special investigations, 

^ a|^ best carried out in a hospital or fully-equipped clinic. 

Metabolic Disorders.~l!) certain metabolic diseases it is 
essential th»t si>eciai investigations should be performed in 
order to determine the diagnosis and correct line of treatment, 
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Thus if an examination of the urin<‘ show that sugat is present, 
the sugar tolerance should be estimated by means of blood 
sugar readings after administering by mouth a dose of glu- 
cose. In this way it is possible to say whether the patient 
is suffering from diabetes mellitus or from a more innocent 
condition, such as renal glycosuria. These methods are 
described in Chapter 111. The modern treatment of diabetes, 
both with and without the administration of insulin, is also 
detailed in this eha})ter. 

It is far better to admit a ])atient who is suffering from 
(iiabetes to an institution where the diets can be accurately 
weighed and tlie blood and urine examinations carried out 
during the ])reliminary stages of tr(*«atment than to attempt 
to treat him at home. 

Aeidosis may oeeiir in conditions apart from diabetes ; 
thus not inireciuently young children suher from feverish 
attacks with gastro-intestinal symptoms due to a metabolic 
disturbance. The urine in such eases should be testM by 
Tlothera’s method for the presence of ketone bodies, and if 
found in large cjuantities a reduction of the amount of fat 
in the diet and the administration of sodium bicarbonate 
and glucose by the mouth will usually be 1‘olJowcd by a 
rapid disa])pearanee of the symjitoms. Examination of the 
blood is helpful in the diagnosis of gout. The uric acid is 
usually found to be definitely raised in patients of a gouty 
diathesis. The method of performing this investigation is 
described in Chapter XVII. 

Diseases o£ the Ductless Glands. — The elucidation of the 
nature of dist urbances of internal secretion is often a matter 
of great diHleulty. Considerable ht?lp can be obtained by the 
various methods described later. Thus the estimation of the 
basal metabolic rate serves to differentiate betweeA con- 
ditions due to over or under activity of the thyroid glaruj. 
A good guide to the basal metabolism can be obtained in 
such eases by using Read’s formula in wliich the only data 
reipiired are the pulse rate and pulse pressure* Basal meta- 
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bolic readings are also of value in the treatment of Graves’ 
disease, as a guide to the advisability of surgical intervention. 
In suspected eases of hyperthyroidism the Goetsch test is a 
simple clinical method, the value of which is discussed in 
Chapter ¥111. Further investigations which are re(pured in 
order to appre^eiate the degree of metabolic disturbance or of 
toxamia resulting from hyperthyroidism are observations 
upon the sugar tolerance and an electrocardiogram. 

The various methods for examining a patient who j)resents 
symptoms of a lesion of the pituitary gland are discussed in 
the same chapter. They are of value such conditions 

are suspected as hypersecretion of the fj^iiitary in tlu‘ early 
stages of gigantism or acromegaly, iaj insipidus, 

dystro})hia adiposo-genitaJis, obesity ^ infantilism. In 
infantilism it will usually be necessary tq pf‘rform in addi- 
tion the tests i’or pancreatic and renal fti||ietion. For these 
special examinations it is advisable to admit the patient to a 
hospitSi or ot#ior Ailly-ecjuipped institutioii(» 

Cardio-vascular Diseases. -One of the greatest advances 
wliicli has beeti made duringreeent tinu‘s in the held of clinical 
medicine is tlie explanation of the nature of cardiac irregu- 
larities. Jn every ease in which the ]>ulse is found to be 
irregular the physician should endeavour to decide whatsis* 
the type of tile irregularity, for without such knowledge its 
true signifieanee earniot be appreciated. In many cases 
this can be done without the use of s})ecial instrumeuts, and 
in eases of this kind it is usually possible to re'cogiiise clinically 
such disturbances of cardiac rhythm as sinus arrhythmia, 
premature systoles, certain grades of heart block and auri* 
(iilar fibrillation. The (diuracteristie features of these irre- 
gularities, together with the indication for the use of special 
instnimPnts and the results obtained thereby, are discussed 
in thaptcr IX. 

From the therapeutic aspect, digitalis is undoubtedly the 
drug of greatest utility in heart failure with abnormal rhythm, 
hut in order to obtain the best results it must be prescribed 
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in acoordaiu'o with certain fairJy well defined rules. Qiiini- 
dine is also a powerful remedy, but its administration is not 
without danger, and the principles underlying the thera- 
peutic us(?s oi‘ these drugs arc discussed in the same chapter^ 

Blood pressure estimations should figure in tho routine 
clinical examinatiou of every patient, and observations on 
the systolic and diastolic readings often throw light upon 
obscure cases. If the blood pressure be high and there be 
no ap])areiit eardio-xascular or renal lesion, a chemical 
examination of the ]>lood should be made to ascertain 
whether there is nitrogen retention. Nitrogen retention 
may be due to intestinal toxamiia and yield to measures 
directed to the reli<‘f of such a condition, or it ma.y be an early 
manifestation of renal damage. 

Diseases of the Nervous System. — Examination of tlie 
eerebro-spinal lluid is essential for the diagnosis of many 
n(‘rvous diseases. This applies particularly to cases of 
meiungitis or syphilitic affections of the ecxitral nVrvous 
system. The ('crebro-spinal fluid undergoes* remarkable, 
and ill many eases speeihe alterations in such diseases which 
are described in Chafiter XV^, together with the methods of 
})erforniing thc^ tests. In eases of coma a lumbar puncture 
<is also of great value, for in this way such conditions as cere- 
bral hannorrhage, uricmia and diabetes can often be ditig- 
nosed. ‘In the early stages of tabes dorsalis the physical 
signs are often slight and indefinite, and the eerebro-spinal 
fluid must be examined lielbrc a delinitc diagnosis can be 
made. Thus, repeated attacks of abdominal pain may be 
ascribed to gastric or duodenal lesion whereas, in reality, 
they are manifestations of a tabetic crisis. In tumours of 
the spinal cord in which the free passage of fluid up and down 
the eerebro-spinal space is obstructed, characteristic and 
peculiar changes may be found on lumbar puncture which at'e 
dcserilicd as the loculation syndrome. These various points 
are diseusse<l iii Chapter XV. 

Bldod — The diagnosis in these cases is usually 
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established by means of blood counts and hicnio^lobin estima- 
tions. In some instances, special investigations, whicli are 
described in later chapters of the book, an* ol* additional 
value. Thus, in pernicious muernin it is found tliat even in 
the period of remission of the disease* tlu* average siz(‘ of the 
red cells is greater than normal. Their diameters eau he 
measured and graphic;ally n^e^orded in the form ()f the Price- 
Jones curve. In this disease two other investigations are 
useful as eonfirrnatory evidence ; tlius, there is almost 
invariably an increase in the ))iliru))ir) content of the blood, 
which gives an indireet van den Hergh re*|iiftion, and (examina- 
tion of the gastric contents aftt^r a test ni<^l sljows an a!)S(‘nee 
of free hydrochloric acid. These s})eeiif; investigations are 
not necessary in clear-cut and typical of perni(*i<)us 

anamiia, but not infre(|uently somewhat femelinite cases ol‘ a 
severe amemia are eiK’ouniered in w})i(‘h;t;|ie colour indexv is 
just above unity, and yet tlic otl^er blood changes an* ineon- 
elusivcT It it partieularly in this type (f ease that these 
additional aids to diagnosis fire of value. 

in acholuric jaundice the chief clinical signs are a slight 
degree of icterus of the skin and eonjmieiivte with enlarge- 
ment of the splec'ii. An (‘sUniation of tlie fragility of the red 
corpuseh's serves to differentiabt aeholiiric jamuliee fnnn* 
other diseases such as sjdenk* amemia, whieli are aj)t to cause 
diliiculty. In the former the fragility of the red* cells is 
definitely increased, wlileh is not observed to such an extent 
in anj other condition. 

Infectious Diseases. The recent advances which have 
been made in certain diseases of this groii}) arc included in 
special chapters. Some of the metliods for diagnosing the 
enterica group of infections are d<‘scribcd and the importance 
of performing tlu^ Widal reaction ma<*roscopically in the case 
of » individuals who have receiv(*d previous antityphoid 
inoculation is (iinphasiscd. In diphtheria the Schick reaction 
enables the (Jbetor to decide w'hether the contacts of a case 
or other members of a family or school are susceptible. In 
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this way, individuals who are found immune can be spared 
the restriction of isolation during the quarantine period. A 
method of desensitisation is also described W’Mch, by actively 
immunising those found susceptible to diphtheria, will 
minimise the risk of infection and spread of disease', 

A somewhat similar lest, the Dick reaction, is described for 
scarlet fever. This is eliielly of value in preventing the 
spread of infection by determining which of the contacts of a 
case of scarlet fever arc susecjrtiblc. The methods of desen- 
sitisation by active immunisation against scarlet fever are 
not so valuable at present as in diphtheria. The use of a 
scarlet lever antitoxin for the treatment of the disease is also 
described. 



CHAPTER II 


TESTS OF RENAL FUNCTION 

The tests of renal function are very numerous, but tliev 
fall naturally under the followin^i; headii^ : — 

1. The presence of abnormal urinary ; constituents, such 

ns protein, casts, etc. y 

2. The altered physiological balance |^ween blood and 
urine. This depends upon analysis of tLii; blood or urine, or 
both. 

3. The eliminating ])ower of the kidn|y|as tested by the 

administration of : — ' 

(a) Some natural substances, s\ich as— * 

(i.) •i\’'atcr. 

(ii.) Urea. 

(iii.) Renzoie acid. 

(iv.) Renal test meals, 
or 

(/>) Some foreign substance, such as — 

(i.) A dye, as phenol sulphoue phthalein or indigo 
carmine. 

(ii.) Phlorklzin. 

Th{! choice of tlwse methods dejauds very largely on the 
fancy*of the investigator. All employ groiij) (i.) as a routine, 
and adopt one or more of the rcmaiuiTig tests according to 
their experience. It is impossible for any one observer to 
recommend any one test and condemn the others, since all 
give moite or less valuable information, and it is unlikely that 
anjr one person has had a sullicicntly wide experience of all 
the tests. In the present account we will therefore describe 
tests which tyre held by various authorities to yield reliable 
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inforniatioti, and wiil indicate those wliich, in our experience, 
hiU'c giv(‘ii the best results. 

At the outset, it must be pointed out that the investigation 
of a patient suffering from renal disease in hospital is quite a 
different prol)lem from the investigation of a private patient 
at home. Apart from the question of time, apparatus and 
skill it is well known that it is all but impossible to get an 
aeciirate twenty-four hours’ specimen of urine unless the 
patient is under strict supervision, hence any test depending 
oil this will naturally be unsuited to the needs of the prac- 
titioner. We have found that blood analysis is amongst the 
most suitable for this purpose, since all that is needed is the 
eolJeetion of a sample of blood, and its despatch to a labora-^* 
tory, which will furnish a report in a short time. The blood 
findings, taken in coujimetioii with clinical observations, are 
of great ^’alue. Again, the type of test selected depends on 
whether the ease is a surgical or a medical one. It will, 
perha])s, be as well to describe the technitiues, grid summarise 
their relative advantages and disadvantages in conclusion. 

1 

GROUP 1 

Tests Detkndjng on the Phesence of some Abnormal 
« Constituent in the Urine 

Proteins.” ' This is usually detected in the 

routine analysis of urine as soon as a case comes under 
observation. 

Tests,— Boiling Test ,- — ^This is by far the most delicate 
and the easit'st to perform. Jt consists in boiling the top of 
a column of urine in a test tube. The urine must be clear, 
and, if necessary, liltered. A drop or so of 10% acetic acid 
must be added, since urine verging on neutrality vfili preci- 
pitate phosphates owing to a lowering of tlic acidity due to 
boiling off CO^, 11 albumin be present a cloud appears at 
the top, and is easily distinguished by con^ast with the 
clear unboiled layer below\ As the delicacy of the test 
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depends on this contrast, the necessity for having the urine 
clear at the start is obvious. The only fallacy in this test 
is the presence of Bence-Joncs proteose. This body will be 
detected by the fact that it appears at about 50"^ C., but 
disappears on boiling and reappears on cooling. 

The Salicylsulphonic Acid Test — ^This reaction, though 
not so delicate as the boiling test, is particularly useful when 
only small quantities of urine arc available. The technique 
consists in taking an equal column (1 v.c, or so) of urine in 
two test tubes, and adding 2 or 3 drops of saturated sali(\yl- 
sulphonic acid solution in water to one of tlu ihj If albumin 
be present, the liquid in the tube containing t|i|( reagent will 
** appear turbid on comparison with the contr^^' . Again, the 
delicacy of the reaction consists in the com^ljfelison of the 
urine tested, with the original urine. 

Globulm, — ^The association of globulin wittlalbiimin in 
the urine has been known for a very long time.) | 

Tesfcj. — I. appearance of a preeipitat(i m|the cold on 

the addition of dilute acetic acid to the urine. 

2. The production of “ rings ” on dropping ^rine into a 
tall glass vessel containing distilled water. 

3. Precipitation by saturation witli magnesium sulphate. 

In the past great stress has been laid on the relative ^ 

amounts of albumin and globulin present in the urine. The 
estimation of this ratio may be performed by Noel. Patou’s 
method (1), which consists in first <‘stinuiling the total 
protein by Esbach's method. Fifty c.c. of the urine are then 
rendered alkaline and saturated with magnesium sulphate. 
After standing for twenty-four hours, the liquid is filtered, 
and Esbach’s estimation is again performed. This gives the 
amount of albumin in the urine after a correction lias been 
appliedofor the increase in volume due to the magnesium 
sul|)hate. If the value so obtained be subtracted from the 
original value, the amount of globulin can be calculated. 


. albumin 

The protem quotient, vanes between 
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Iff* 

0*6 and 30, according to Noel Patou, and hence is of very 
little value. An increase in albumin is said to indicate 
serious renal impairment, which is shown by an increase in 
the eocineient. 

Ihlow will be found a table ex])r(^ssing results, found in 


cases of protdiiuna of different t}pes. 

Albumin. Globulin. 

Nephritis . . • -6 • • 1 

Funetional albuminurM . .2 . . 1 

Leaky kidney . . .1 • • 2 

Toxie albuminuria. . ^ . 2 . . 1 


(Langdim Brown (*i).) 

Th<‘ method, lK)W'e\<T, is nol extensively used at tlie 
prtsent time. 

Casts. The urin<‘ should be centrifugated and tlic deposit 
examined for casts. 

The }>r< senee of easts must ahvaj s be r(‘gardcd as a serious 
sign, the gravity ol whieh depends uj)oii the^ttype present. 
Casts are usually classified as lollows : — 

1. Granular, 

2. Hyaline. 

3. Epithelial. 

4. IMood. 

’ 5. Fatty and waxy. 

(k. Pus, 

1. Granular casts are composed of a imxlure of albumin, 

Jeucoeytes, and red blood corpuscles. They are present 
usually in eluonie luphnlis. ’ 

2. Hyaline casts are translucent eloiigati*d bodies, eom- 
inon to all ueplmtic conditions, and are very difiicult to 
detect. 

8. Epithelial casts are eompos(‘d of coagulated mlbumin, 
and bear the epithelial cells of the tubules on their surface. 
They are very numerous in acute nephritis and their presence 
means that the kidney is being seriously and^probably ])cr- 
muncntly damaged. 
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4* BUod casts arc found in any condition in which there is 
bleeding from the orgati. Thus they are present in acute 
nephritis, congestion, infarct, etc, 

5. Faity and wassy casts appear in chronic renal disease, 
and the latter particularly in amyloid disease. 

6. Pus casts only appear when there is actual suppuration 
in the kidney. 

Illustrations of these deposits are omitted, since they are 
so frequently depicted in text books. The identdieatioTi of 
urinary deposits is a very diffieult matter, and can oidy be 
learned by examining actual specimens under ih(‘ direction 
of an expert . 

Blood. — This may appear in the urine in j|g|)hritis, and 
thus constitute one of the abnormal eoustitilfahs of urine, 
but in systernatie and routine examinations ^iftlbumin and 
easts are by far the most important. Blood is l|Al identifh'd 
by examination of a centrifugated deposit, or by t|i(‘guaiaeu!n 
test (set' p. 15^). 

Pus and Mucin.- -The presenee of pus in the ^rine can be 
determined by slaiiiiiig a smear of the deposit obtained by 
centrifugation. The presence of polymorphonuclear leueo- 
eytes in large numbers indicates the presence of p»is. Very 
little reliance can be placed on such tests as the liquor • 
potassii reaction. Mucin is a normal constituent of the 
urine, and may often be seen in the form of a faint eldud. It 
may be. present irf patbologieal conditions in excess. The 
addition of acetic acid in such eases will cause a f>rcei[iitate. 
which is insoluble in excess of acid, but is soluble m dilute 
alkali. To demonstrate the presence of nueleo- proteins and 
mucin in the jiresenee of albumin and globulin, the following 
test is recommended. The urine is boiled and filtered to 
remove afbumin and globulin. Ten c.c. are then diluted to 
40 e,c. with water, and the reaction is matle strongly acid 
with acetic acid. A turbidity indicates the presence of mucin 
or rtucleo-protcins. The urine must be diluted as described, 
otherwise a precipitate of urates will appear. 
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GROUP n 

Tests Depending ok the Altered Piiysiologicjal 
Balance Between the Blood and Urine 

With a knowJedgc of the Junctions of the kidney, and of 
the physiological composition of blood and urine, it should 
be possible to detect renal lesions by an upset in the balance 
between the blood and urine. 

TJien; are tJiree possible ways of attacking the problem 
from this point of view : — 

By blood analysis alone. 

By urinary analysis alone. 

By a eombinaliou of both. 

It will be well to consider these separately. 

Renal Function as Tested by Blood Analysis 

Owing to the ]>erfection of mcMiods of blooal anaiy?>is, and 
to the relative simplicity of teclmi(pi(‘, this type of renal 
function test has been us(‘d extensively. Analysis of the 
blood, as a guide to diagnosis ajid ]>rogiiosis, is perhaps the 
most usc‘lul method both in hosj)ital and gi'iieral practice. 

^ In the former, analyses can be done on large numbers of 
cases, aud statistical figures can be worked out, whilst in 
general* practice this nuThod is particularly useful, since it 
relieves the practitioner of all rcsjKinsibility otlicr than that 
of collecting the blood. Ten or twenty e.c. are collected 
by vein liimcturc in the manner described later (p. 844 ), and 
are })reserved in an “ oxalate tube, which is despatched to 
the laboratory for analysis. 

Urea and non-protein nitrog(‘u contents are held by most 
authorities to yield the most reliable information, %nd with 
this we are in complete agreement. Before proceeding to the 
interpretation of the results of analysis, it will be necessary 
to summarise briefly the current physiological views on these 
subjects. It will be remembered that proteins are digested 
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to amino-acids in the alimentary canal, from which they are 
absorbed into the blood stream to undergo exogenous and 
endogenous metabolism. 

The end product of the former is urea, and of the latter 
various substances, such as creatinin and uric acid, all of 
which are excreted by the kidney in such a manner as to keep 
the concentration more or less constant in the blood. 

Analyses of blood obtained from normal people ha\^c been 
performed by many workers, such as Folin and Wu (3), and 
the following can be taken as fairly tyjncal of the existing 
opinions on normal blood : — 

Urea .... 20 to 40 per 100 e.c. 
Non-protein nitrog(‘n . 20 to 40 „ 

Creatinin. . . . 1 to i fu » 

Uric acid. . . . 2 to 3*5 1 1 „ 

Cholesterol . . . 150 ^ i „ 

Chlorides. . . . 500 | „ 

In <?ertain<tforms of ne])liritis, ?‘.e., the nitrefceu retention 
or azottcmic type of MacLean, the kidney Mis to excrete 
these bodies e/riciently, with the result tliat their eoneen- 
tration is increased. Thus a blood urea, or non -protein 
nitrogen content of over 40 mg. per 100 c.e. would iudieate , 
impairment of renal function, provided it could ])e estab-* 
lished that roual disease alone can cause an increase in 
these figures. Unfortunately, certain other conditions, such 
as ]')rolonged vomiting, intestinal obstruction, and acute 
abdominal conditions may cause an increase in the consti- 
tuents of the non-protein nitrogen. If there be any likeli- 
hood of such a condition, it is advisable to estimate the urea 
in a specimen of urine withdrawn at the same time as the 
blood. If the nitrogen retention be due to renal disease, the 
urea coiittent will be below 2%, whereas in the non-nephritic 
causes, the urea concentration wdll most probably be 2% 
or over. Despite what is said to the contrary, the nitrogen 
retention is mti usually proportional to the amount of renal 
damage, A considerable experience has shown that ureteric 

2— a 



20 


TESTS OF RENAL FUNCTION 


obstruction produces much greater nitrogen retention than 
tlie most marked degenerative change. In view of the lade 
of a quantitath e rclationshi]) between nitrogen retention and 
renal damage, ^ariou^) oHier constituents have been held to 
indicate^ the conditions more clearly. Thus Myers (4), and 
his co-workers, hold that tl)e estimation of creatinin content 
is more reliable. Tliey state that a (Tcatinin content con- 
stant iy over 1*5 mg. })er lOO c.e. is a sign of permanent renal 
damage. That this is true cannot be doubted, but a number 
of eases have been examined with marked renal inetfieiency 
with a normal creatinin content. The estimation of prac- 
tically every otlier blood eonstituent has been advocated as 
a test /or kidney funeiion, but experienee has proved them 
to be less reliable tliaii the more classical estimation of urea 
and non-protein nitrogen. 

In nitrog(‘n retention, all the bodies mentioned above 
increase in the blood, and if one estimates urea, which is 
present in lh(‘ great (‘st concentration, andfc non-protein 
nitrogen, wliieh, as its name implies, embraces all the soluble 
nitrogenous bodies exclusive of protein, fallacies are excluded 
in so far as is possible. 

The (piostion of normal v^ariations in the blood urea con- 
•eentration is la id by some as an objection to this criterion, 
y(‘t so exp(‘i*ie]ieed an observer as Otto Folin slates that 
fh(‘se do not eomc* within the sphere of practical ])olities. 

It is safe 1o eoneludc, therefore, until more evidence is 
brought forward, that the blood urta and non-protein 
nitrogen content form one of the liest guides, both to prog- 
nosis and to diagnosis. If these bodies be present in con- 
centration over 40 mg. per 100 c.e., wc may assume there is 
renal inefficiency provided that the reservations made above 
arc observed. Marked nitrogen retention occurs rtfainly in 
chronic interstitial ncplnitis and in cases where there is 
obstruaion to the urinary flow. Little or no retention is 
found m parenchymatous nephritis until the t^^minal stages, 
hence these cases are not usuaUy detected by an examination 
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of the blood nitrogen distribution. Many tests are described 
tor their identification, but perhaps the most important 
are : — 

(a) The estimation of blood cholesterol ,* and 

(b) The estimation of blood chlorides. 

(a) Albert Epstein (5) has employed the estimation of 

blood cholesterol as a means of diagnosis, and also as a 
method for checking the treatment of chronic parenchyma- 
tous nephritis. Normally, the blood cholesterol lies some- 
where about 0*1%, whereas in this condition it is markedly 
increased, up to as much as 0*8%. With suil^ide treatment, 
the cholesterol content falls as the case imj^Tes clinically. 
Admittedly there are many other condii|i^s which can 
influence the blood cholesterol content, sufi ks gallstones, 
but these can usually be excluded by clinic^P lexamination. 
We have used this method extensively and| yund it very 
satisfactory. * 

(b) The bl#od chlorides are said to be in(a*4a'«^'d in cases 

of parenchymatous nephritis. Although the^ cases must 
theoretically be chloride retainers, it is exceedingly doubtful 
how much the body allows the chloride cpnbuit to rise. 
Any figure above 0*5%, calculated as NaCl, is said to indicate 
the condition in question. • 

In conclusion, it must be thoroughly understood that the 
figures obtained by blood analysis can only be taken as a 
guide. Blood analysis is in its infancy, and before anything 
can be definitely laid down, some thousands of analyses of 
normal and pathological bloods must be made and the rcstilts 
compared with clinical and post-mortem findings. Although 
in some cases there is a sharp distinction between the blood 
figures in cases of nitrogen and salt retention (and this can be 
detected Inochemically with ease), the majority oC patients 
exjiibit a complicated mixture of these two conditions, with 
the result that the chemical findings are very difficult to 
interpret. Recently the estimation of phosphates in bipod 
has been recommended by de Wessclow (C), as giving more 
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reliable roMilts than thow obtained by blood nitrogen estima- 
tions. This work will be referred to in Chapter XVII. 
It was found that the phosjdiate eoutent of plasma was 
iner<-ased in eases of azotieinie nephriti.s. 

The following table < intoinises the results obtained by this 
inelhod of investigation ; 


Relnthr Tronnoxfic Talue of lilood then and Plasma Phos 
phorus ill Scveiili/ Cases oj Nephritis, 
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From (\v Wohh(‘1ow’h “OhemiHlry of the Blood.” 


Renal Efficiency as Judged by Quantitative Analysis 
of the Urine 

Volume and Specific Gravity . — The character of the 
urine in various renal diseases is so well known that it is 
only nec(‘ssary to sunmiarise very bricdly the conditions. 

Vol. in c.c. S.G, 

Normal urine , . 1,500 1,015 to 1,025 

Acute nephritis . 200 to 500 1,025 to 1,005 

Clironic interstitial 

nephritis . , 2,000 or over 1,005 to 1,012 

Lar^Jfe white kidney , 500 to 800 1 ,020 to 1,005 
Small white kidney. 1,500 to 1,800 1,005 to 1,020 

Rowntree and Fitz (7) state that the actu^.! volume of 
urine secreted over a given period of time bears little or no 
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relationship to the renal function, although they have con- 
stantly observed that the specific gravity is markedly 
decreased in advanced cases of kidney disease. 

Investif^atwn of the Various Constituents. — There is a 
marked alteration in the composition of the urine in severe 
nephritis, and it would be reasonable to hope that valuable 
information conoc'rning the renal elfieic^ney would be yielded 
by urinary analysis. It is imjK)ssible to over-emphasise 


Table shoxfoing Analyses of Txvenly-fmr Hours^ Urine of 
Typical Cases of Renal Inefficiency in a Series of 
Patients, 
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certain fallacies in this method. Firstly, the diet mustr be 
known, and preferably should be of some standard type. How 
often do students, when asked the quantity of urea excreted 
in the twenty-four hours, reply, with satisfaction, 30 grams ! 
Withbut a knowledge of the protein intake, no inference can 
be drawn from the urea excretion, since the two vary directly 
with eacli other. A possible exception to this rule is when 
one desires to differentiate between the nitrogen retention 
due to<renal disease, and that due to some abdominal condi- 
tion such as vomiting or obstruction. As already pointed 
out, in the former case the urinary urea will be well below 
2%, and in^thc latter, probably 2% or over. The same 
applies to practically all the urinary constituents. Secondly, 
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IK) rt liance must be placed on less than an accurate twenty- 
four hours’ spocinien. The analysis of isolated specimens of 
iirino is a waste of valuable time. For instance, in certain 
normal j>eo})lc, a glass of beer half an hour or so before the 
h\mnmen was collected would be quite sufficient to lower the 
urea content to 1% or below. 

The tabl<‘ on page 2.3 expresses the current views of most 
work(Tb on the quantity of the various urinary constituents 
in a twenty-four liours’ specimen. 

The figures are iakeu from the records of the Biochemical 
Department, Bland Sutton Institute of Pathology, Middlesex 
lIos])ital, and are fairly typical of the findings in the various 
conditions. The most useful estimations are those of urea 
and chlorides, and ))ro\ided that the diet is known to 
be moderate, siieh as a hospital one, and that the sample 
is from an accurate twenty-four hours’ specimen, reliable 
information can he obtained. As it is usually impossible to 
be certain of either oi' these factors in general practice-, these 
methods are not used to any great extent. 

Tests of Renal Efficiency which depend on the Relative 
Concentration of Substances in the Blood and Urine. 

m 

r 

Tlie difftT(*nee between the specific gravity of bloinl and 
urine attracted the attention of i>liysiologisls many years 
ago, and the eoneeuiratiug powiTs of the kidney were soon 
re(*ognis('d. These })hysiological investigations led on to 
])athological ones, and it was soon discovered that the con- 
centrating power of the kidney w^as altered in certain forms 
of nephritis. Thus it was noted that the specific gravity of 
the nritu' was markedly decreased in cases of chronic inter- 
stitial nephritis. 

Ambavd (8) was certainly the first observer to wwk out a 
scientific application of th< se phenomena. He tried to obtain 
a ratio between the blood and urinary ure^ taking into 
account the body weight and the length of time during which 
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the observations were made. The result was arriyed at by a 
somewhat formidable mathematical equation, and was known 
as Ambard’s co-elficicni. 

The co-efficient is calculated from the following formula : — 
m 
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X 



= constant, 


where m == grams of urea per litre of blood. 

I) = grams of urea excreted per lw(‘nty*four hours. 
tot = weight of individual in kilograms^ 
c = grams of urea pcT litre of uritu*. 

Normally the eo-efTicient value is about O*0fik In condi- 
tions with impairment of renal function thero a rise* in the 
value of the co-effieient. } 1 

Although vahiabh* information can bo obtenu^d by this 
method it is open to many fallacies, and has criticised 
by m^y able workers. Thus Folin eonsidtf’'^ 11^^ 

observation period, seventy -I wo minutes, is fajr too shoi*t, 
and Addis and Watanabc' (9) state that, as the re$uh s of their 
experiments on normal subjects, urea excretioii dej)ends on 
factors other than the eonc(‘ntration of urea in blood and 
urine. 

It is very doubtful whether the metlK)d yields mon re liable* 
results than the simpler tests, and man} obsc r^iTS slate that 
it is definitely unreliable. Since it is lU'ver used as a routine 
procedure, the method of determining the eo-( nieieiit will 
not btt considered here. 


GROUP III 

Tests of Renal Function Depending on the 
Elijjination of some Suhstanck Administered to 
TME Body. 

Natural Substances 

1. Water. — binder this group arc included the provocative 
polyuria tests, of which there are two main types. 
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{a) Albarran’s method (10), in which 900 of water are 
to a starving patient and half-hourly specimens of 
uriiie are collected. Under normal circumstances the polyuria 
appears within the first hall* hour, when it reaches its maxi- 
mum. It then sinks ra])iclly. In the original technique, the 
depression of freezing point was taken as a check. In 
nephritis, the polyuria is either absent or delayed. 

(h) Straus-Graunwald method (11). Here a pint of water 
is given to a starving patient and the urine is collected at 
hourly intervals. In the ease of a normal person the sum of 
the first three hours' specimens should equal the quantity of 
fluid taken, whereas if the patient be suffering from nephritis 
the quantity is considerably less. 

It is, perliaps, a j)ity that tests on similar lines to those 
described above are not performed more often. It would be 
cx])ected that they would yield valuable information, since 
recent work of llowntrce (17), and his co-workers, on water 
intoxication emphasises the importance of thk' factof . 

2. Urea, — The administration of urea, followed by obser- 
vations on the urinary excretion, has been used extensively 
as a test of renal function. McKaskay (12), in America, has 
employed this type of test, giving 30 g. of urea, and analysing 
'tliie \irinc for urea at two-hourly intervals for twenty-four 
hours afb'r. MacLcan (13), in this country, employs this 
principle in his well-known urea concentration test, which 
is designed to estimate renal function by ihe concentratitig 
])owt‘r of the kidney. After emptying the bladder the patient 
is given 15 g. of urea dissolved in water, and the urine is 
collected one hour and two hours afterw'ards. The specimens 
are then analysed for urea by the hypobromite method. 
According to MacLean, in a normal person the first specimen 
contains at least 1*5%, whilst the second shoulti have a 
minimum concentration of 2%. Figures below these show a 
poor concentrating |:)ower of the kidney and indicate renal 
inefficiency. The test depends on flooding *he blood with 
urea, thus raising its concentration above the liminal value. 
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and observing how rapidly the kidney removes the excess. 
Like ail tests in which absorption of substances from the 
alimentary canal plays a part, it suffers from the disadvantage 
arising from uncertainty in this direction. Thus the urinary 
excretion of urea depends in this ease, not only upon the 
concentrating powers of the kidney, but also upon the rate 
of absorption which is controlled by the emptying time of 
the stomach, since urea is absorbed only from the intestine s. 
MacLean, however, has used the test in over 100,000 cases, 
and very valuable information has been obtained with its aid. 
The urea concentration test is used extensivelj^hlf this country. 

3. Benzoic Acid , — Kingsbury and Sw^ans^(14) employ 
tin* administration of b<*nzoic acid as a test, ||ppwcd by the 
estimation of hip])uric acid in the urine. | :J 

It will be remembered that hippuric aci^' tlui only 
urinary substance synthesised by the kidue|^|frc>m blood 
constituents, namely, glycine and benzoic acid. I 

Tlicsfe obseP^Trs omit benzoic acid from the ^iet prior to 
the t(‘St, and then give a standard quantity. Ifippuric acid 
is then estimated in the following twenty-four hours’ speci- 
men of urine. Patients with renal inefficiency show a lower 
excretion of hippuric acid than normal persons. Since this 
test has only recently been used, more data must be collected* 
b(?fore reliance can be placed on the rcvsults afforded by it. 

4. Renal Test Meals , — This method was introduced wdth 
the hope of estimating renal function by analysis of short 
period^ samples of urine following a standard diet. Mosen- 
thal (15), who has had, perhaps, the greatest experience with 
this type of test, employs a standard meal and collects two- 
hourly specimens of urine throughout the day. If the stan- 
dard diet cannot be emjdoyed, the patient may have three 
good m^ls in the day, one at 8 a.m., another at 12 o'clock, 
and the last at 5 p.m. The bladder is emptied at 8 a.m. after 
a night's fast, and the urine is collected at two-hourly inter- 
vals until 8 p.m., and the night urine is collected in one 
quantity from 8 p.m. to 8 a.m. The specimens are then 
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examined for volume, specific gravity, urea, and salt con- 

rentration. 

With to tlie interpretation of these figures, Moseu- 

thaJ Iay& strcvss on tJie following points as indicating normal 
secretion : — 

1. Variations in Iho specific gravity of the urine — ^nine 
points, or even jnore, 

2, Roiigli balance b(‘tween intake and output of salts and 
nitrogen. 

.‘b High specific gravity of the night urine, with a high 
nitrog(‘n oont(‘ni (1 % or over) : volume moderately small 
(too c.e.). The volmne of the night urine bears little or no 
relation to the amount of fluid ingested. 

The r(‘S[)onse of a nephritie individual is quite different 
from the above. One of the most noticeable points is the 
iixntion of the specific gravity. The n(*phritie kidney tends 
to secrete a urine of p(Tsistcnlly low specific gravity, despite 
iho amount of food and w«at(T given. According to^Mosen- 
thal renal inqjairnuMit is indicated by tin* following signs 

1. Fixed or hm s])ecifie 'gravity. 

2. Lowered output of sails and nitrogen. 

3. Tendi'iiey to total polyuria. 

4. Loss of eoneiMitralion in the night urine, associated 
with low sj)ecilje grnvily and nitrogen eontenis. 

The res])onse of all kinds of reiuil patients to this test meal 
has been worked out, and th(‘ resnlls can be seen from 
Mosenthal’s Mork. Space, imfortunately, forbids u fuller 
account of this irudhod, which appears to have given such 
success in AnuTioa, and more work on these lines might 
profitably ])e conducted in this country. 

Foreign Substances, such as Dyes 

There are two important tests in this group 
L The indigo carmine test ; and ^ 

2. The phenol sulphone phthalein lest* 
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1. The Indigo Cormhie Test , — ^Thc use of iadigo carmine 
was first suggested by Heidenhcin, but the actual working 
out of the reaction was performed by Volcker and Jfoseph (10) 
in 1908. 

Ureteric catheters are passed and 0-1 g. of the dye is 
injected intramuscularly. The urine should ))q tested after 
six to eight minutes. The intensity of the colour will indicate 
roughly how much of the dye is excreted, and any delay in 
its appearance will indicate renal iuefiiciency. The test is 
especially useful in determining which kidney is affected, 
and finds particular use m surgery. The excrctiuu is usually 
complete in twelve to twenty- four hours. 

2. The Phenol Sulphone Phihalein Tebt,-^h\^ reaction 
was first described by Rowntree and Geraghiy Ip 7) in 1910, 
and since that date has found very (xtensh^e cAtiployment. 

The patient is given 300 c.c. of water to drii^iaud twenty 
minutes later the bladder is emptied and 0*6 g| if the dy<' is 
injected intramuscularly. It is as w^ll to (‘inploy a catheter, 
and to h't the urine drip out after the injection in^ a test tube 
containing a dilute solution of liquor potassse. As soon as 
the dye appears m the urine, the solution in the test lube 
turns red : this should happen within ten minutes of the 
injection. The cathel(*r is then withdrawn, and the whole of, 
the first and second hour’s urine is collected s(‘parai(‘Iy, Tfic 
samples are measured, and enough 25% NaOH sohition is 
added to each to produce a d(‘e]) red (‘olour, and the volume 
of each is made up to a litre. A standard solution is pre- 
pared by dissolving 0*003 g. of the dye in water and adding 
25% NaOH solution to produce a jiermauent colour. The 
volume is then made up to 1 litre, and the known and 
unknown solutions are compared in a colorimelcr. The 
amoiint^f dye in the first and second hour’s specimens are 
calculated according to the methods described in the section 
on blood analysis. By the first hour 50%, and by the second 
hour 70% of the drug should be excreted. Anything below 
this points to renal inefficiency. By ureteric catheterisation 
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the test can be applied for localising the lesion to one or 
other kidney. 

The test is very satisfactory provided tliat there is no 
blood in the urine, and is of value in surgical cases. 

In conclusion, it is perhaps advisable to add a few remarks 
conccTiiing the relative value of the various tests described 
in this section. It can be readily understood that no one 
test will giv(' equally satisfactory information in all cases of 
renal incfiiciency, and, eonscqu(‘ntly, one must choose those 
which are especially suited to the particular type of case 
under examination. Again, the value of the information 
obtained unfortunately differs according to the type of case 
investigated. 

In routine hospital work, renal problems fall under tlie 
following headings : — 

1. The Surgical Case . — Can a prostate be removed with 
safety ; or, if the right kidney be removed, will the left be 
suflieient for the ])atieni\s needs ? 

2. Tlie Obstetric Case . — Is it safe to let a woman with 
albuminuria gi) to term ? 

3. The Medical Case. ---What is the prognosis of a youtig 
adult male with albuminuria ? Is this patient likely to go 

, into urjcmia ? 

'Very satisfactory results are obtained in Group I., quite 
good in»-Group II., but it must be admitted that the greatest 
number of failures arc encountered in Group III. 

The Surgical Case. — Here one is usually required to 
express an opiiiion on prostate eases, or on patients showing 
loealis(*d kidney lesions, or urinary obstruction. For the 
former type, blood analysis has yielded by far the most 
accurate results. The urea alone cannot be relied upon, since 
it is possible to have marked nitrogen retention with^a normal 
blood urea. The best guide is found to be the urea and non- 
protein nitrogen contents. Experience has taught us that 
any figures much over 50 mg. per 100 c.c. of either urea or 
iion-pr<?t.em nitrogen are contra-indications |br prostatectomy 
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in one stage. , We have seen fatal results where the opera- 
tion has beeti performed with either the blood urea or non- 
protein nitrogen contents over 60 mg, per 100 c.c. If 
figures of 60 mg. per 100 c.c. or over be found, it is 
well to perform the operation in two stage's— supra])ijbic 
cystotomy — followed by ])rostatectomy aft(*r a week or 
so. If an analysis be done a week after the first operation, 
the figures will be fomid to have decreased remarkably. 
In one particular case investigated in the Biochemical 
Department of the Bland-Sutton Institute, the blood urea 
and non-protein nitrogen content before su| 3 ^apubic cysto- 
tomy weie 125 and 140 mg. per 100 respeeliv('ly. 
whilst ten days after the o])eration they h^i! fallen to 48 
and 54 mg, per 100 c.c. In many cases |i||^ figures will 
liave fallen to within the safe limit seven to^^s^n days after 
suprapubic cystotomy. The results obtained i i’om tying in 
a catheter arc not nearly so good. The liilrogen figuri'S 
improfc at a%very much slower rate, which isfin agreement 
witli the clinical surgical view on the n'lative Advantage's of 
these two methods. It must be understood that the above 
account is based u])on the authors’ cxpcrionecs, and that 
satisfactory results have been re])orted by the employnw'nt 
of other tests described in this section, but blood analysis; 
lias been found by us to give the most reliable information. 
In the other ty]>es of surgical cases encountered, dye excre- 
tion tests arc by far tlie most satisfactory, and are usually 
performed by the surgeon himself. Thus the indigo-carmine 
test is used almost exclusively for determining disturbances 
of one or other kidney or ureter. 

The Obstetric Case. — This variety of renal problem is 
constantly arising. 

A wfiftian, six months pregnant, has albuminuria with or 
without clinical symptoms, such as headache, vomiting or 
cedema. Should she be allowed to proceed to term, or 
should the pi^gnancy be terminated by induction of prema- 
ture labour ? Avast amount of work has been done on the 
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renal side of the toxajmias of pregnancy, and if is difficult to 
epitomise tlie views of workers in this field* The following 
scheme has been found to embrace most of the problems 
arisjn ^4 in this gvoup of eases, and is taken from a j)apcr by ^ 
(oniyns Berkeley, A. L. Walker and one of us (E. C. D.) (IS)* 
The albuminuria of pregnancy can be classified according to 
the following seheine : - 

1. Cas<‘s of albuminuria with no clinical symptoms. 

2. Cast's of albuminuria with clinical symptoms, such as 
b(iulaehc, vomiting, a‘d(‘ma, etc. 

3. Cases of albuminuria with aetual or threatened 
eclam[)s)a. 

In Group there' is little or no nitrogen retention, and no 
eh(‘mjeal i‘\ideiiec of liver iiu'fiieicney (see Chapter V., on 
h(‘patie eirieieney). These patients go to term normally, and 
ar<' probably cases of functional albuminuria, or, according 
to some authorities, show minor symptoms of raised blood 
pri'ssure. ^ » 

Group IL must l)e divided into two sub-divisions : — 

(a) Ihe Nephntiv Tou'u mta, as de Wesselow names cases 
of pregnancy in chronic nephritis. Here there is marked 
nitrogen retention, with a blood urea and non-protein 
4utrogvn of over U) uig. per 100 c,c., a high blood pressure 
and iiistory of chronic nepliritis. 

In this type of ease })regnaney should be terminated as 
soon as the blood urea and uojj-j)roteiu nitrogen figures rise 
muoli above 40 mg. per 100 e.c. Altlioiigh it is possible for 
«ueh eases to go to term, experience has shown that their 
renal eojulilion is m\ieh worse after delivery than before. 

(b) 1 he I re-ecl(wiptic To^ wtnia or Pregnancy Kidney, — In 
tiu'se eases there may be litth' or no nitrogen retention, If 
treated suilably by dieting, etc., these patients go^o term 
without passing into Group III. The possibility of eclampsia, 
howeveis blunild never be overlooked. Blood analysis will 
not, unfortunately, provide an infallible me#ns of deter- 
mmiag whet her eclampsia is imminent. It must be admitted 
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that the urea and non-protein nitrogen Hgurcs usually rise 
before the onset of eclampsia, yet it is quite common to 
find figures of about 40 mg. per 100 c.e. for the blood urea 
and non-protein nitrogen of an eclamptic patient;. As will be 
explained in Chapter V, dealing with liepatic tests, the onset 
of eclampsia is heralded by the appearance of bile pigments 
and their precursors in the blood and urine. 

Group III*, or cases of eclampsia, arc reeogiiised clinically 
and treated immediately. There is always evidence of 
renal inefficiency in eclampsia. Thus there is albuminuria, 
diminished urea output, and frequently an increase in the 
blood urea. The non -protein nitrogen ecmilait is always 
above normal. Perhaps the most important |>oint to realise 
is that it is impossible to judge tlie imminettll^ of eclampsia 
from the amount of nitrogen retention. 

To summarise the scheme, premature la^Kafur should be 
induced if — 

(a) The bl'^od urea and non-protein nitrogc^ contents are 
above 40 mg. per 100 c.c. (nephritic toxtemia). 

(b) The hepatic tests become positive (pre-eelamptic 
toxfrmia changing to eclampsia). 

The Medical Case. — ^The real difficulties of renal function 
testing lie in this type of ease. In surgcTV and obstetricib 
it is sufficient to say that such and such a patient’s kidneys 
are so severely damaged that an operatioji should not })c per- 
formed, or that ]>regnaney should be terminated. In other 
words, no diagnosis is required ; the kidney function is 
weighed in a balance, with a standard as a counterpoise, and 
it is pronounced wanting, or efficient, as the case may be. 
In mediciiHS however, matters are very different. It is of 
little value to inform a physician that liis patient has some 
sort of fenal lesion with impaired efficiency, facts which can 
almost bo elicited by a purely clinical examination. If the 
problem of a young adult male with albuminuria be con- 
sidered fromihe point of view of prognosis, it is easy to see 
the difficulties in the way. All tests will probably show 
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slight impainnent of function — ^yct they do not give onough 
infomiation to be of any particular value to the clinician. 
With regard to blood analysis in relation to medical cases, 
the results are somewhat disappointing. Thus the amount 
of nitrogen retention seems to bear little or no relation to 
the extent of renal damage. It has been found that obstruc- 
tion to the urinary flow produces much greater nitrogen 
retention than the most severe kidney lesion. Some observers 
state that three-fourths of the kidney must be destroyed 
before nitrogen retention np])ears. 

The separation of nejihritie patients into two sharp gropps 
of nitrogen and salt retainers can rarely be done in practice. 
Although one of these two factors may predominate, the 
other always j)lays a ])art, and the result is a mixed effect. It 
has usually been claimed that blood analysis will indicate 
whether a particular patient is likely to go into uramia. 
Although this is true in the great majority of instances, we 
have seen four eases in one year with typieaj ura?tnEa and 
blood urea eontents below 40 mg. per 100 c.o. The non- 
protein nitrogen content, howexer, was high in all. 

Blood analysis is partienlarly useful in cheeking the effects 
of dieting on nitrogen retainers. Under suitable treatment, 
jnarked reductions can be made in the blood urea and non- 
prhtein nitrogen eontents. 

W'ith regard to parenchymatous nephritis, the estimation 
of the eholesterol eoutent has been found to be of partieular 
value. I’he normal figure is about O’l %, whilst in parcneliy- 
matous nephritis it is very frequently above 0*2%. * With 
efficient treatment, this figure can be reduced. 

In conclusion, tlien, it may be said that renal function 
tests, considered from the medical aspect, fall short in the 
fact that they do not provide a diagnosis, and giv# a poor 
Klea ns to iirognosis. This applies equally to all tests. 
Nitrogen retention can bi-st be diagnosed by blood analysis. 

It there be marked nitrogen retention, say, blood urea and 
Bon-protem nitrogen contents of about 100 mg. per 100 c.c., 
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it is always well to exclude the possibility of urinary ob- 
stnietion before regarding the ease as one of serious prog- 
nosis. Figures of the magnitude quoted above are to be 
regarded seriously if there be no stricture, and no condition 
such as intestinal obstruction, but if due to either of these 
causes they will fall to normal in a week or so after the 
removal of the cause, always provided that tlicre is no 
serious permanent renal damage. 

A low urinary diastase content is held by many to be a 
sign of renal damage. We have not found this test to give 
constant results. 

Whatever test, or series of tests, be adop'^^d, the import- 
ance of clinical examination must never be sight of, and 
the blood pressure, condition of the arteriCvS, are still of 
the greatest value. It is only by means of‘tfce closest co- 
operation between the physician and bioehenx|s| that one can 
hope to gain knowledge of real vahie in the std<w of deranged 
renal ftmetio^. 
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CHAPTER III 


OIiYCOSURIA AND DIABETES HELUTU8 

The history of diabetes niellitus, and of all conditions in 
which sugar appears in the urine, has been discussed so fre- 
quently that it would be superfluous even to sunxmarise it 
here. Before one can obtain a clear insight i^to the patho- 
logy of glycosuria, it is necessary to know|^e outlines of 
carbohydrate metabolism. j } [ 

The current belief is based on the work of ^ude Bernard, 
although subsequent work has modified hi4 tiews to some 
extent. It is believed that all carbohydrafes are absorbed 
via the portal vein in the form of monosacclifirides, mainly 
as glucose. On reaching the liver, glucose polymerised 
into the polysaccharide glycogen, and is stored there, to be 
discharged into the blood stream as glucose. Just enough 
glycogen is broken down to keep the blood sugar more or less 
constantly at 100 mg. per 100 e.e. Thus the liver acts as 9 
buffer between the gut and the systemic blood stream, ftnd 
enables carbohydrate to be stored. The blood glucose is 
used up by the tissues, which oxidise it to COg and water. 
In conditions where the intake of carbohydrate is normal, 
the liver can absorb sufficient glucose to prevent a marked 
raising of the blood sugar content, but according to the 
classical views, if an excessive amount be taken sugar appears 
in the urine and a condition of alimentary glycosuria results. 
The explanation of this lies in the fact that the liver has 
become saturated with glycogen, and the excess sugar has 
been passed straight into the systemic blood stream, con- 
stituting a cqpdition of hyperglycaeraia. The kidney respcaids 
to this raising of the blood sugar above its normal limits, with 
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the result that glucose appears in the urine. A normal kidney 
will excrete sugar if the concentration in the blood rise 
above 180 mg. per 100 c.e. This is known as the 
of the kidney. 

We have tlius shown that the liver and kidneys play a very 
important part in the distribution of sugar throughout the 
body fluids, but we have not yet dealt with the utilisation of 
carboliyclrates. It has been stated above that the blood 
sugar is used up l)y the tissues, and is oxidised to carbon 
dh^xidc and water, thus completing the metabolic chain. 
There is yet another controlling factor to be discussed, namely 
the bearing of the internal secretions upon carbohydrate 
metabolism. As is well known, the pancreatic internal 
secretion far outweighs the others in importance. Although 
Von Mering and Minkowski, in 1889, were the first to produce 
definite experimental evidence to show that pancreatectomy 
in dogs gives rise to a condition very similar to diabetes 
mellitiis, the idea of associating the pancreas with glydosuria 
was of a inucli older date. Thus Conrad Brunner, in the 
seventecntli eentiirv, had attempted to prove a relation- 
ship ; while Jolm Bright, early in the nineteenth century, 
actually exhibited a specimen to show the relationship 
between pancreatic fibrosis and diabetes mellitus. Laguessc, 
following the work of Von Mering and Minkowski, showed 
that ligation of the pancreatic duct, although causing atrophy 
of the pancreas, did not produce glycosuria. 

It became evident, tlierclbrc, that the anti-diabetic pro- 
I)erties of the pancreas must lie in some function of internal 
secretion, 

Opie was one of the first to suggest that this function 
might lie in the islets of Langerlians, and from the publica- 
tion of this observer’s works, the idea has graduallf" gained 
footing, until, at the present time, it has become almost 
universally accepted. 

[Again the history of the search*^ for^this antirdiabetic^sub- 
stance has been well recorded, and there is no nee^ to do 
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more than mention some of the gallant attempts leading up 
to the discovery of insulin. Thus Rennie and Fraser, in 
1905, prepared an active substance from the principal islets 
of certain teleostean fishes, whilst in 1908 Zuelzer obtained a 
pancreatic preparation with which he revived some coma- 
tose patients, reduced the glycosuria of depancreatised dogs, 
and benefited cases of diabetes mellitus. 

These observations are all the more interesting since 
Zuelzer rendered his preparation fairly free from proteins by 
precipitation with alcohol. The research, however, was 
abandoned owing to the severe local reason following 
injection. The culminating point in this jj^g series of 
researches was reached in 1922, when Banti^.and Best (1) 
prepared a substance suitable for clinical uipl which they 
called insulin. This substance was made wictn alcoholic 
extract of the pancreas, and when injected s|ilcutaneously, 
lowered the blood and urine sugar of depancr^|ised animals. 
The nfbthods^of preparation are very numero|is, but prac- 
tically all depend on extraction of the pancrea^with alcohol. 
The alcoholic extract is evaporated in vactio at 45® C. down 
to small bulk, when the fat separates out and can be removed. 
More alcohol is added to bring the percentage to about 80, 
when a precipitate of protein ocicurs, after which more alcohol 
is added in order to bring its concentration up to 92%, when 
insulin separates out, • 

This is a rough outline of Collip’s (2) process, which has 
been modified by Doisy, Somogyi and Shaffer (8), using 
acidised alcohol, and by Dudley (4), using alkaline alcohol 
for the extraction. 

Tlie insulin so obtained must be purified, either by the 
method of precipitation at the iso-electric point, or by 
Dudley^ (5) picrate method. The latter is deservedly the 
most popular in this country, where it has done yeoman 
service in the purification of insulin on commercial scales. 
The other method for the preparation was evolved by one 
of us (E. C. D,), working with F. Dickens (6), and consists in 
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mincing tlie pancreas with solid picric acid, and extracting 
the insulin picrate with acetone, from which it can be re- 
covered by distilling off the acetone. The picrate is then 
converted to insulin hydrochloride by dissolving in acid 
alcohol and precipitating with acetone as in Dudley’s 
method for the purification of insulin. This method gives 
greater yields than the alcohol processes, and is much more 
economical, both from the point of view of labour and 
materials. 

Although it is definitely established that the injection of 
insulin profoundly modifies the metabolism of carbohydrates, 
very little is ac*tuaiJy known as to the processes which bring 
about the reduction in blood sugar. The fall in blood sugar 
(‘onteiit commences immediately after the injection, and the 
degree of hypoglycicmia produced varies almost directly with 
the dose of insulin. Tlic greater the dose, the more marked 
and rapid will be tlie fall in blood sugar content. When the 
percentage of sugar in rabbit’s blood reaches ^bout ^5 mg. 
per 100 (‘.c. the animal usually develops a peculiar convulsive 
condition, from which it ohu be revived by the intravenous 
injection of glucose. 'I'he study of the action of insulin 
resolves itself into an eiuiuiry into the means by which this 
hyix)glyeteniia is produced. Considerable light can be thrown 
iipVni these problems by investigating the means by which 
can be relieved. These may be enumerated 

as follows : — 

(1) By the injection of carboliyd rates and their deriva- 

tives. 

(2) By the injection of pituitrin ; and 
(0) By tlie injection of adrenalin. 

Glucose is the most eineient sugar, and only those sugars 
readily fermented by yeast (glucose, fructose and mannose) 
possess the property of relieving hyjwglycaemia. The injec- 
tion of pituitrin was shown by Burn (7) to inhibit the action 
of insuliii, and similar results were found when adrenalin was 
injected into a hypoglycsemic animal. The exact manner in 
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whii?h imuliu pperates can only be surmised by reviewing 
the possibilities, and by adopting an eliminative argument. 
These possibilities can be summarised as follows ; — 

I. The injection, of insulin may activate the blood in some 
manner which causes it to destroy glucose. 

II. The effect may be produced by stimulating the 
glycogenetic functions of the liver, which would thus remove 
glucose from the blood stream and store it as glycogen. 

III. Insulin might stimulate the oxidative processes of the 

body, with the result that glucose is removed at an increased 
rate. ^ 

IV. Insulin might cause the sugar to be cowerted into an 

unknown non -reducing substance, which woiiil jbe stored in 
the body. ^ 

The first three possibilities have been cxel\p^d by a vast 
amount of experimental work. 

Thusi*the Toronto workers showed that ih^^lin had no 
effect on in intro glycolysis. 

All workers have proved that if insulin be give A to a normal 
animal, its store of glycogen is de})leted when hypoglycacmia 
supervenes. If, however, insulin be injected into a diabetic 
animal, glycogen storage is at first increased, since insulin , 
restores it to the normal condition. If more insulin be given 
and hypoglycaemia be produced, the glycogen storowill be 
reduced as in the normal animal. Although there is an 
increase in the respiratory metabolism following injection of 
insuliii*, tlie increased oxygen c*oiisum})iion is not sufficient 
to account for the disappearance of the glucose. We are 
driven, therefore, to the somewhat unsatisfactory theory 
that the glucose is converted into some unknown, non- 
reducing^ubstance. The theories of Winter and Smith with 
regard to the nature of the blood sugar have not received 
confirmation, and since so much doubt seems to surround this 
problem, they ^ill not be discussed here. Before leaving this 
subject it will not be out of place to refer to two papers, the 
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results of which seem to require explanation. Best, 
and Scott (8) stated that they were able to recover insulin 
from the organs of a diabetic dog which had been depaH"* 
creatised some weeks beforehand. An exactly parallel 
observation was made by one of us (E. C. D.) working with 
S. L. Baker and Dickens (9). We found that the pan- 
creas, muscle, liver, etc., of a patient who had died from 
diabetic coma contained relatively large quantities of 
insulin. It would appear, therefore, that diabetes mellitus 
can occur when there is insulin in the body, but the trde 
interpretation of these independent observations has yet to 
be put forward. 

For a full account of these problems the reader is referred 
to the book by F. Dickens and one of us (E. C, D.), and to 
other publications referred to under reference No. (10). 

Insulin, then, is a necessary factor in the metabolism of 
sugar. The iut(,‘rnal secretions of the thyroid, pituitary and 
suprarenals also affect sugar metaiKdism, akhouglf not to 
the same extent as insulin. Finally, there is the nervous 
influence on carbohydrate metabolism. Thus Claude Ber- 
nard WHH aide to produce glycosuria by puncturing the floor 
of the fourth ventricle. This glycosuria is of a temporary 
nature, but is constantly observed experimentally. Its 
explanation will be dealt with later. 

We See, therefore, that there are the following factors 
influencing carbohydrate metabolism : — 

1. The intake and absorption of carbohydrate. . 

2. The liver. 

8. The kidneys. 

4. The pancreas. 

5. Certain other glands, such as thyroid, pituitary and 

suprarenals, m 

6. The nervous factor. 

Failure or variation of any of these factors may produce 
glycosuria, and it will, perhaps, be as we!y» to summarise 
briefly the mechanism of each. 
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Alimentary Glycosuria 

I’his is due, as already explained, to overloading the liver 
with sugar, with the result that the storage capacity is 
exhausted, and the consequent increase in blood sugar is 
compensated by excretion into the urine. Nonually 100 g. 
of glucose should not produce glycosuria ; that is to say, the 
physiological individual can tolerate 100 g. of glucose in one 
dose, and can store it. Should sugar appear in the urine after 
such a quantity, the patient’s tolerance is said to be below 
normal, and some disturbance of carbohydrat^ metabolism 
is indicated. This forms a clinical test, althaii^ it is open 
to many fallacies. Obviously, some account s|li&[d be taken 
of the patient’s height and weight when wqip^g out the 
tolerance. 

The above statements represent wliat might Mtermed the 
classical^ view. In 1910 Taylor and Hulton (l|)|itated they 
were unable to Induce alimentary glycosurm by t|ie ingestion 
^ of large amounts of glucose. MaeLean (12), hi 1924, also 
cast some doubt upon the ease with which this condition 
could be produced. Working with T. Izod Bennett, one of 
us (E. C. D.) (13) repeated these experiments, and found 
that even 500 g. of glucose B.P. was unable to produce* 
glycosuria in the majority of normal men, and it wjis con- 
cluded that the upper limits of carbohydrate tolerance are 
governed merely by the subject’s appetite, and that any 
attempts to demonstrate increased carbohydrate tolerance by 
alimentary tests are useless. 

Hepatic Glycosuria 

Since tfie liver plays such an important part in the meta- 
bolism of carbohydrates, it would be expected that disorders 
of this organ might be attended with the appearance of sugar 
in the urine. %ich an event, however, is rarely s^en in any 
of the hepatic diseases. Cammidge (14) holds that certain 
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forms of glycosuria are of hepatic origin, and he describes 
tests whieli are said to distinguish these cases from those of 
true pancreatic diabetes. Many authorities do not agyee 
with Camnxidge, and hold that all forms of progressive 
diabetes are of pancreatic origin. 

The reader should refer to the works of Cammidge given in 
the bibliograixhy for this author’s views. 

Renal Glycosuria 

The normal kidney will not let sugar pass into the urine 
unless the (!oncentration in the blood is over 180 mg, per 
100 c.c. This is known as the leak point of the kidney. 
In the condition under discussion, the leak point is lower 
than the normal, hence sugar escapes into the urine although 
the blood sugar is below 180 mg. per 100 c.c. There 
are varying degrees of renal glycosuria, according to how far 
the leak point is removed from the normal. If onljr a little 
below, say 140 mg. per 100 c.c., the sugar ^ill only appear 
in the urine after carbohydrate meals, when the blood sugar 
is likely to rise. 

In more severe cases the urine will always contain sugar. 
As can be seen, this condition is characterised by glycosuria 
in the presence of a low or normal blood sugar. Renal gly- 
cosuria is usually regarded as an innocent condition requir- 
ing no treatment, but it is ])ossible that in some cases it may 
be followed by the development of a real diabetes. For this 
reason it is advisable for blood sugar tolerance estimations to 
be made from time to time. 

Pancreatic and Endocrine Glycosuria 

Here the condition is due to the absence of the internal 
secretion of the pancreas, which enables the tissues to utilise 
glucose. The traditional explanation of the pathology of 
diabetes mellitus is that tiie islets of Langerbans fail to ' 
produce the anti-diabetic hormone, with the result that the 
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tissues cannot metabolise glucose. That diabetes mellitus is 
associated with definite lesions of the islets of Langerhans 
has been demonstrated by many workers. A great deal of 
histological work has been done upon these bodies, and 
minute details of the histological lesions in diabetes mellitus 
have been published. According to Bensley and Lane (15), 
the cells found in the islets are of two varieties, a and )8 
according to whether their granules are fixed res}>ectively by 
alcoholic or aqueous media. The ^ cells are stated to be 
affected in diabetes mellitus, since they are seen to contain 
no granules. According to this school, diabeteimellitus is a 
disease of the ^ cells of the isl(‘ts of Langi^bans. This 
inability to utilise carbohydrate is interprete^-||y the body 
as a stimulus for the j>roduction of more with the 

result that all available carbohydrate is pouref' |)ut into the 
blood, producing a hyperglyca^mia, and, sin(|&|thc tissues 
cannot utilise the sugar, it is excreted in the url4e. 

Alth<?ugh the above explanation can be acfej^ted as a 
working clinical hypothesis, recent research on ihe phanna- 
* cological action of insulin tends to show that the pancreas 
plays a much more impoilant and complicated role. 

When all the available carbohydrate has been thrown into 
the circulation, some proteins are converted into glucose and • 
are excreted. The fat metabolism is also affected, producing 
a condition of acidosis or ketosis. • 

In hyperthyroidism, glycosuria is fairly common, whilst in 
certain pituitary lesions it is also observed. 

An Injeetion of adrenalin also gives rise to glycosuria. 
The action of this hormone is said to lie in the fact that it 
stimulates the liver to break down glycogen, with the result 
that hyperglycaemia and glycosuria ensue. Adrenalin, there- 
fore, apj^ears to antagonise the aetiori of insulin, which 
tends to inhibit the breaking down of glycogen. It is 
known experimentally that adrenalin will help i,o abolish 
insulin convu^ions. Pituitrin also inhibits the action of 
insulin. 
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Nenroos loflaenoes. Diabetic piqike 

By stabbing the floor of the fourth ventricle, sugar cain be 
made to appear in the urine and this is preceded by hyper- 
glycaemia. This effect cannot be produced if the splanchnic 
nerves be cut. The explanation is probably that the 
diabetic puncture causes- a stimulus to the suprarenals vid 
the cord and splanchnic nerves, with the result that adrenalin 
is discharged into the circulation. This causes the hepatic 
glycogen to be broken clown to glucose, as in the case of 
adrenalin glycosuria. Although this form of glycosuria is 
mainly of theoretical interest, cases have been recorded 
where pressure of tumours, etc., on the floor of the fourth 
ventricle have caused the aiq^earanee of sugar in the urine. 

Chemical Examinations Necessary in Cases of 
Suspected Glycosuria 

Examination of the Urine 

Qualitative Tests for Sugar 

All the common tests for sugar depend on the reduction of 
an alkaline copper solution on boiling with the suspected 
solution. Fehling's test is the best known, and, at the same 
time, one of the most misleading and inaccurate tests, both 
qualitatively and cjuantitativcly. It will only be described 
to be condemned. The solution is stored in three stock 
solutions. A, B and C, whose composition is recordedr below. 

Solution A. — 103’92 g. of pure copper sulphate dissolved 
in enough water to make 1 litre. 

Solution B. — 820 g. of sodium potassium tartrate dissolved 
in enough water to make 1 litre. The fluid is filtej^ and a 
little toluol is added to prevent the growth of moulds. 

Solution C. 150 g. of sodium hydroxide dissolved in water 
and made up to 1 litre. 

The solution for the test is made by mixii^ equal quanti- 
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ties of A, B, and C> imn^ediatdly before use. The reagent can 
also be stored as two solutions, by mixing B and C together, 
and the test is performed by ushig equal quantities of them. 

There are many methods of performing the actual test, but 
no standard one. Equal quantities of urine and Fehling’s 
solution are boiled separately in test tubes, and while still 
boding the Fchling’s solution is added to the urine. If sugar 
be present the mixture will turn red, owing to the production 
of cuprous oxide. Fchling’s reagent is reduced by a number 
of other substances, such as uric acid, creatinin, glycuronic 
acid, ketose, pentose, and homogentisic acid. Eiirthcr, owing 
to the strong alkali present, small quantitit*s 0 sugar may 
be destroyed on boiling as the result of cop^rsion into 
caramel. 

Hence a positive reaction to Fchling’s does not 
necessarily mean that the patient is suffering frera glycosuria, 
nor, on the other hand, does a negative reactiofi exclude the 
presence* of small traces of glucose. 

We see, therefore, that Fehling’s test is tho|oughly un- 
(» suitable for clini(*al work. Fortunately we have Another test 
c(|ually simple, yet much more accurate. Benedict's test 
overcomes most of the errors of Fehling’s rejiction. The 
qualitative reagent is prepared as follows : — 

One hundred and seventy-three g. of crystallised soiliuiti 
citrate and 100 g. of anhydrous sodium carbonate (o» 200 g. 
crystallised) are dissolved in 700 c.c. of water. 17*8 g. of line 
crystallised copper sulphate are dissolved in 100 c.c. of water. 
The copper sulphate solution is poured into the former 
solution, and the volume is made up to 1,000 c.c. To carry 
out the test, 5 c.c. of the reagent arc i^ourcd into a test tube, 
and 8 drops of urine arc added. The contents of the tube are 
boiled foijjtwo minutes and then allowed to cool. If a large 
number of tests are to be made, the tubes may be set up hi a 
rack and immersed in a boiling water bath for live minutes. 

If glucose be present, the reagent will change colour from 
clear blue to ai? opalescent green, or, if a large quantity of 
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sugar be present in the urine, the final colour will be an 
opaque red. 

Benedict’s test possesses the advantage of being standard, 
that is to say, 5 c.c. of reagcTitt are tested with 8 drops of 
urine, and tlic boiling time is kept constant. There are no 
hard and fast conditions with Fehling’s test, hence the results 
obtained by different workers are not comparable. Benedict’s 
reagent is reduced by glucose, laevulose, lactose, pentose, and 
homogentisic acid, but not by uric acid and creatinin ; hence 
a positive Benedict’s test implies some derangement of carbo- 
hydrate metabolism. In the majority of cases a positive Bene- 
dict’s test means glycosuria, yet the possibility of lactosuria 
and pentosuria sliould never be lost sight of. The former con- 
dition occurs in pregnant and lactating women, whilst the 
latter is a rare disorder of metabolism, to some extent simu- 
lating diabetes mellitus. There arc many ways of identifying 
what particular sugar is causing the reduction. Thus some 
workers prefer to prepare osa zones and identify the %u gar by 
the microscopic a])j)earancc of its phenylhydrazone, whilst 
pentoses can be differentiated from other urinary sugars by 
observing that deflection is caiisod on the plane of polarised 
light and by special tests, such as that of Bial. ^ Glucose and 
lactose are strongly dextro-rotatory, whilst pentoses are 
without action on polarised light. These methods, although 
accurate, require apparatus and skill, and hence they are 
unsuited to general ]:>ractiee. I’lie best reaction for clinical 
purposes is the fermentation test. A little yeast is ground 
up with the suspected urine until a thin paste is formed, and 
a fermentation tube is filled with the mixture, A urine 
definitely known not to contain sugar and one to which 
glucose has been added are treated similarly, and the three 
tubes are set up in a warm place overnight. In tHfe morning 
they are inspected, and, if sugar be present in the suspected 

^ teM for p&ntme, 5 c.c. of Bial’s reagent (1*6 g. orcinol, 600 g. 

fuming HCl, 20-30 drops of 10 % FeCls solution) are Mled in a test tulbe, 
and 2'*3 o.o, of urine are added. The heating is ^scontinued, and if 
pentoses be present, the solution turns green in colour. 

r 
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uritie^ the top of the fermentation tube will contain gas, as 
will also the tube containing the positive control. There 
must be no gas in the tube containing the urine with no 
sugar. It must be emphasised that the positive and negative 
controls form part of the test, and must never be omitted, 
since it is possible to have a yeast that will not ferment 
glucose, or on the other hand, one which will produce gas 
when no glucose is present. 

Having ascertained the presence of glucose with certainty, 
one proceeds to the tests for acetone bodies. 

It must be thoroughly realised that these te^s are of much 
greater importance than the percentage of s^^ar, since the 
presence of acetone bodies in large amounts teeans that the 
patient is in imminent danger of coma. Evety patient whose 
urine contains large (luantities of these bodies^jSpould be kept 
under close observation. 

Tests for Acetone Bodies 

Aceto-acetic Acid 

GerhardVs Test , — This test consists in adding 10% ferric 
chloride, drop by drop, to the urine. At first a precipitate of 
ferric phosphate appears, which redissolves in excess of the. 
reagent, owing to its acidity. If aceto-acetic acid be presfint 
in concentration of 0*07% or over, the solution • turns a 
Bordeaux red colour. If any doubt i)e felt upon the genuine- 
ness of the colour, it should be compared with that given by 
ferric chloride added to normal urine. If a positive reaction 
by this test be given, immediate and drastic steps must be 
taken in the treatment, since a dangerous degree of ketosis 
is present. On the other hand, a negative reaction does not 
signify that the patient is free from danger of ketosis. The 
reason for this is two-fold ; firstly, the relative insensibility 
of the reaction ; and secondly, the fact that urinary aceto- 
acetic acid is Cjgnverted on standing into acetone, which does 
not give Gerhardt’s test. 

A.A4C. 
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Gei-hardt’s test is not without fallacies. Thus the presence 
of any phenyl drug in the urine will give a colour reaction 
with ferric chloride somcwdiat similar to that obtained with 
aeeto- acetic acid. 

If the patient has been taking drugs, such as aspirin, 
salicylic acid or salicylates and their derivatives, misleading 
results may be obtained. The colour, however, is quite 
different from that given by aceto-acetic acid, since it is much 
darker and of a more violet hue. Although this difference 
can be easily detected with practice, it is a good plan to boil 
a specimen of the urine prior to the test. If the colour be 
due to aceto-acetic acid, a negative reaction will be given on 
the addition of ferric chloride, whilst in the case of phenyl 
derivatives the colour will not be affected. This, of course, 
is due to the fact that aceto-acetic acid is volatile, whilst the 
other compounds are not. 

Eothera\H Test for Acetone and Aceto-acetic Acid , — This 
reaction is by far the most satisfactory test foi^^Jketosis. It is 
carried out by saturating about 20 c.c. of urine with am- 
monium sulphate, by shaking with the crystals in a test tube. 
Two or three drops of 10% ammonia, and a few drops of a 
freshly-prepared dilute solution of sodium nitroprusside in 
r water, arc added, and the whole tube is shaken. 

If the reaction be positive, a delicate permanganate 
tinge develops, which gradually deepens. A brown colour 
does not constitute a positive reaction. The amount of 
aceto-acetic acid can be judged by the depth of colour 
and the rapidity with which it develops. Thus Kenna- 
way (16) points out that Rothera’s test can be classified as 
follows : 

1. A quick, strong reaction corresponding to 0*25% aceto- 
acetic acid. 

2. A slow, weak reaction corresponding to 0*0005% aceto- 
acetic acid. 

Reactions intermediate between these two extremes indi- 
cate proportional concentrations of aceto-acetic acid. 
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A faintly" positive Rothera’s test is not of such grave 
importance as a positive Gerhardt’s reaction, owing to the 
much greater delicacy of the^ former. 

There are no fallacies in Rothera’s test, and it should be 
performed on every diabetic urine. 

Quantitative Tests on Diabetic Urine 

Estimation of Sugar 

There are two classes of methods available — volumetric 
and polarimetric. 

Volumetric Methods - 

Practically all these depend upon the fjgduction of an 
alkaline copper solution. Some, sucli as P|4ij[ing’s, are in- 
accurate ; others, such as Bertrand’s or Bemid|ict’s methods, 
are tolerably accurate. Fehling’s quantitatitd process gives 
very inaccurate results, and the end point is|very hard to 
recogrvise, whilst Benedict’s method will be fou|id to be satis- 
factory for general use. Since the teclmique^ for Fehling’s 
and Benedict’s tests are similar, they will be described 
together. 

Benedicts Quantitative Solution, — The following are dis- 
solved by heating in enough water to make 800 c.c. ; — 
Sodium citrate . . . 200 g. 

Sodium carbonate (erys.) . . 200 g,* 

Potassium thiocyanate . . 125 g. 

18*0 g. of pure copper sulphate (air dried) are dissolved in 
100 c?c, of water, and the resulting solution is poured slowly 
into the first. Five c.c. of 5% solution of potassium ferro- 
cyanide are added, and the volume is made up to 1,000 c.c. ; 
25 c.c. of this reagent (corresponding to 0*05 g. of glucose) are 
pipettectinto a small flask. 

Three to 4 g. of anhydrous sodium carbonate are added, 
and the whole is brought to the boil. Urine is then run in 
from a burette slowly until the reagent turns from clear 
blue to an opaAscent bluish-white colour, when the additions 

4— a 



62 GIrYCOSVRIA AND DIABETES iiELDITXJS 

are made more carefully until the colotir disappears. This 
preliminary titration gives an idea of the concentration 
of sugar in the urine, biit for accurate results another 
titration must be perfonncd. Working on the knowledge 
gained in the previous experiment, the urine is diluted 
so that about 10 c.e. will reduce the reagent, and th^e 
titration is performed again. The following is a typical 
example : — 

First Titration : One c.c. of urine reduced the reagent, 
hence this quantity of urine must have contained 0*05 g. of 
glucose, i.e., 5%. Obviously the result cannot be very 
accurate when only 1 c.c. of urine was nm in from a burette. 
It was therefore diluted 1 in 10, and the titration performed 
again. 

Second Titration : 9*5 c.c. of the diluted urine just reduced 
the reagent, hence 0*95 c.c. of undiluted urine contained 

, ^ 100 X 0*05 

0*05 g. sugar. The percentage was therefore 

« 5*26%. 

The most important part in the method is to run the urine 
into the boiling reagent at the same rate every time the test 
is performed. Any error is then constant throughout a series 
of titrations. 

^ith Fehling’s method exactly the same technique is 
adopted,'* except that 10 c.c. of the reagent are taken and 
diluted to 25 c.c. Urine is run into the boiling mixture until 
, the blue colour has disappeared. The end point is very hard 
to recognise, and the same objections arise as in the quali- 
tative test. Ten c.c. of Fehling’s reagent are equivalent to 
0’05 g. of glucose. 


Polarimetric Methods 

These are suitable for hospital work, where large numbers 
of estimations have to be performed. The mejthods are very 
accurate, and most of the objections are mainly theoretical* 



mfiMATION OF ACETONE BODIES 63 

Thus, since certain bodies, such as ^-oxy-butyric acid, are 
leevo-ro^tory, they would tend to reduce the deixtro-rotatory 
power of the urine. The quantity of these bodi^ is, however, 
very small, and their specific index of rotation is negligible 
when compared to the dextro-rotatory powers of glucose. 
Before taking a polarimetric observation, it is usual to clarify 
the urine by some procedure. If 10 c.c. of 10% basic lead 
acetate solution be added to 40 c.c. of urine, the filtrate 
^obtained after shaking is quite suitable for observation. 


Very useful and cheap saccharimeters are made by the Zeiss 
and Reichert Companies. These instrumenjfcs can be used 
with daylight, and the readings on the scj^i^ give the per- 
centage of sugar in the urine. J ; f 


Table showing the Excretion of Sugair^^ 
Representative Cases. 


Mild diabetes lucUitus 
Severe diabetes inellitus 
Renal glycosuria 
Thyroid glycosuria . 


Sugar. 

* Volume djt 
iirino in ^ 
hours. 1 

Total amount 
of sugar in 

24 hours. 


o,c. r 


05 

1,800 

0 

0 

5,500 

495 

0*2 

1,200 

2l 

1 

1,800 

• 13-2 


Estimation of Total Acetone Bodies (Van Slyke (17) ) 

Solutions. — 1. 10% mercuric sulphate solution. 78 g, of 
pure red mercuric oxide are dissolved in 1 litre of 4N.H2SO4. 

2. 20% copper sulphate solution. 200 g. of CuSO^.SH^O 
are dissolved in water and made up to 1 litre. 

8. 10®/q calcium hydroxide suspension. 100 g. of Merck’s 
fine light reagent ” Ca(OH)2 are mixed with 1 litre of 
water. ^ 

4. 50% sulphuric acid (by volume). 500 c.c. of sulphuric 
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acid (s.g. 1-885) are diluted to 1 litre with water. The con- 
centration of HavS 04 must be readjusted if necessary to make 
it 17 N. by titration. 

5 . 5 % potassium dichromate. 50 g. of K^Cvp^ are dis- 
solved in water and made up to 1 litre. 

Combined reagents for total acetone bodies determination : 

1 litre of the above 50% HgSO^. 

8*5 litres of the mercuric siilphate. 

10 litres of distilled water. 

Method. — ^Before starting the determination, glucose and 
other interfering substances must be removed. Measure 
25 c.c. of urine into a 250 c.c. volumetric flask, add 100 c.c. 
of water, 50 c.c. of the copper sulphate solution and mix. 
Then add 50 c.c. of 10 % calcium hydroxide, shake, and test 
with litmus ; if not alkaline add more calcium hydroxide, 
dilute to the mark with water and leave standing for at 
least half an hoiir for glucose to precipitate and then filter. 
This process will remove up to 8 % glucose ; uritie containing 
more should be diluted to bring glucose down to this figure. 
The copper treatment must not be omitted ; it removes other 
interfering substances besides glucose. 

Boil a small quantity of the filtrate in a test tube ; if the 
removal has not been complete, a precipitate of yellow 
cuprous qxide will be obtained. A sliglit precipitate of white 
calcium salts always fonns, but this does not interfere with 
the detection of the yellow cuprous oxide. 

To determine simultaneously the total acetone bodies 
(acetone, aceto-acetic acid, and hydroxybutyric acid) in one 
operation, proceed as follows : — 

Place 25 c.c. of the tirine filtrate, 100 c.c. of water, 10 c.c. 
of 50% H 2 SO 4 , and 85 c.c. of 10% mercuric sulphate in a 
500 c.c. conical flask. In place of adding the water and 
reagents separately, 145 c.c. of the “ combined reagents 
may be added. 

Connect the flask with a reflux condei^ner, having a 
straight condensing tube of 8-10 mm. diaifietcr, and heat 
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to boiling. After boiling has commenced add 5 c.c. of 
the 5% dichromate through the condenser tube. Boil 
gently for one and a half hours. The yellow precipitate 
which forms consists of the mercury sulpliate-ehromatc 
compound ( 8 HgS 04 . 5 Hg 0 . 2 (CH 3 ) 2 Cb) of the performed 

acetone, and of the acetone whieh has been formed by 
decomposition of aeeto-acetic acid and by oxidation of the 
hydroxybutyric acid. 

It is collected in a Gooch or “ medium density ” filundum 
crucible, washed with 200 e.e. of cold water, and dried for a 
hour at 110° C. The emeible is allowed to cool in room air 
and weighed (a desiccator is unnecessary an4 undesirable). 
Several precipitates may be collected, one abO^c the other, 
without, cleaning the crucible. 

Calculation. — Since in the lirst operation^ ^c urine is 
diluted 1 in 10, the 25 c.c, of filtrate employed equivalent 
to 2*5 c.c. of undiluted urine. One mg. of acetone yields 
20 mg. of prrjripitate. For the calculation tii(‘ following 
formula may be used : — 
mg, of precipitate vol. of urine 

oA ^ acetone 

20 2*5 

bodies ill specimen, calculated as acetone. 

Blood Examinations in Glycosuria 

Having iierforraed the examinations detailed above, we 
now proceed to an examination of the blood sugar. 

A very good plan is to perform a sugar tolerance test, 
using the estimation of blood sugar as a criterion. The 
alimentary method detailed on p. 43 has been almost 
superseded by this form of test. The patient comes to 
the labomtory in the morning starving from the night 
before. Blood is collected and the patient is given 50 g. of 
glucose, dissolved in 300 to 400 e.e. of water, to drink. Blood 
is collected at haK-hourly intervals for two hours, thus making 
four specimens ^cr the glucose and one before. The sugar 
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content of each is estimated by any one of the methods 
described in the chapter on blood analysis. 

The following table gives typical findings in various con**^ 
ditions. These findings arc taken from the records of the 
Biochemical Department, Middlesex Hospital. 


Blood Sugar Content in mg. per 100 cx. 


Case. 

Befoio 

i hour 

1 hour 

1 hours 

2 hours 

Gluoo‘^e 

aftci 

after. 

after. ! 

] 

after. 

Normal man 

1 100 

120 

130 

110 

100 

“Lag ’’Curve . 

1 100 

150 

280 

140 

120 

Mild diabetes 

170 

187 

198 

190 

182 

Severe diabetes . 

' 24.0 

270 

29i 

800 

314 

Renal glycosuria 

1 98 

100 

94 

96 

98 

I 


Normally there is a rise in sugar content following the meal, 
but never above 150 mg. per 100 c.e. The sugar content is 
back to normal again in two hours. In some eases the blood 
sugar rises sharply to above 180 mg. per 100 c.c., but returns 
to normal within the two hours. This is c*allcd a “ lag ” 
• curve, and indicates that the sugar-storage rae(*hanism cannot 
keep pace with the glucose absorption, and there is therefore 
a storage lag indicated by the rapid rise above the upper 
normal limit. This is regarded as one of the first stages in 
the production of a true diabetes mellitus. In the mild dia- 
betic the resting blood sugar is higher, and after the adminis- 
tration of glucose the content rises above the leak point of the 
kidney, 180 mg. per 100 c.e., and the return to normal is not so 
sharp. In the severe diabetic this condition is accentuated, 
and there may be no attempt at a return to the preirious level 
during the period of the test. 

^ Renal glycosuria is characterised by a subUOimal blood 
sugar content throughout the experiment^ This method, 
therefore, is extremely useful in diagnosing; the type of gly*- 
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cosuria, and, should it prove to be diabetes melHtus, in 
judging the gravity of the condition. 

Ketosis or Acidosis in Diabetes Hellitns 

Up to the present the only reference to this condition has 
been the description of the tests for acetone bodies in the 
urine. These are by far the most important, and, owing to 
their simplicity and accuracy, must remain as the most 
suitable clinical tests for this condition. 

The whole question of ketosis is intimately l;K>und up with 
that of acidosis ,* consequently it is necessaA to enter into 
tlie physiology of neutrality regnlatio n. S|||6ice does not 
allow of a full treatment of this subject, ^ 

Firstly, it is assumed that the acidity of a s^tion depends 
upon the relative preponderance of hydiOT!|n ions over 
hydroxyl ions. From th e jgoiiit of yi^ re y4 ion. .jtbe,.pro- 

diict JJ,,jand OH ions, expressed as Mam ions per 

litre, is alwqy? constant ; hence, if the II ions ficreasc, then 
the OH ions diminish in such proportions asito make the 
product of the two constant. By various phykico-chcrnical 
means, it lias been ascertained that II X OH K =: ]0 
when expressed as gram ions per litre. 

Now, at absolute neutrality, the H ion concentration^ is* 
such that it equals the OH ion concentration. 

Expressed as an equation, wx have the following state of 
affairs at absolute neutrality. 

H X OH = K = 10 
but H - OH, 

H ^ and OH = 10^^. 

4 The important point to realise is that there is a definite 
hydrogen ion concentration at absolute neutrality, but that 
it is of suclii^la figure that it equals the OH ion concentration, 
ie*, 10 - The majority of students possess the erroneous 
idea that absolute neutrality is the point at which the H ion 
concentration i^ks to zeio. 
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Acid solutions have H ion concentrationsj or as it is 
called, above 10 ^ Le., 10"- «, lO-^^ etc., whilst the reverse 
holds good for alkaline solutions. 

Although the nomenclature mentioned above is occa- 
sionally used, it has been almost entirely superseded by the 
logarithmic nomenclature of So^Asen. Here the hydrOiKXb 
ion concentration is designated by the symbol jgHj,, or 
the logarithmic exponent. 

For those familiar with logarithms, the following explana- 
tion will be quite clear : — 

Let us work out the pH of absolute neutrality. 

- 10 

C„ = 1*0 X 10 ’. 

pH = index of 10 in above equation — log. of figure 
expressing normality. 

Le.y pH 7 log. 1, 
pH ^ ~ 7. 

All pH are calculated from the in this n^anner. Thus 
the Cj, is expressed as 10 to a negative index multiplied by a 
number with one figure to the left of the decimal place, this 
representing the normality. Owing to the minus signs, it 
can be seen that pH will vary inversely as C^, or, that is to 
*say, any pH above 7 will denote an alkaline solution, any 
below 7 an acid solution. The advantages of this nomencla- 
ture are* considerable, one of them being that the hydrogen 
ion concentration is expressed as one figure instead of 10 to a 
negative index. Below will be found the pH of some common 
fluids. 



pH 

Neutral distilled water. 

70 

N 


acid 

1*0 

10 


^ alkali 

100 

10 


Blood 

7*45 

Urine 

. /s to 8 
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There are many methods for the determination of hydrogen 
ions, but, from the standpoint of this book, the indicator 
method alone need be described. The properties of litmus, 
perhaps, are the most familiar in this respect. 

In acid solution this indicator turns red, whilst in alkaline 
solution the colour changes to blue. This colour change is 
due entirely to the concentration of H ions, and acts by dis- 
sociating or associating organic acids and bas^s in the 
indicator. The change in colour of any particular indicator 
takes place at a constant pH, and, since this is known for 
most indicators, a ready means for the estimations of pH is 


provided. 

The colour changes and pH of the principal j^icators are 
given below. f 


Indicator, 

Hflematoxylin . 

pH 

00-~ 

1-0 

Ced^ 
Acid, ) 

Pink 

4 

1 Alhalim, 

1 Greenish. 

f Violet. 

Phenol-tetra-brom- 

pj^t-halein 

Todo-Eosin 

OJ}-- 

80 

Colourless — 

0-3 - 

140 

Greon- Yellow — 

i Pink. 

W'Cresol Purple 

0*5 - 

2*5 

Red — 

^ Yellow. 

•Motanil Yellow 

12-- 

2-3 

Red — 

Yellow. 

Thymol-Blue . 

1*2- 

2*8 

Red — 

Ye»Uow. 

Tropoeolin 00 (Orange IV.) 

1-4 — 

2*6 

Pink 

Yellow. 

Brom-Phenol Blue , 

2’8 — 

4*6 

Yellow — 

Blue. 

Methyl-Orange . 

2*9 — 

40 

Red — 

Yellow. 

Bi-methyl-amino-azo- 

benzene 

2-9 — 

4*0 

Crimson — 

Yellow. 

Congo-Red 

30 - 

50 

Blue — 

Scarlet. 

Benzeno-azo-naphthylamine 

3-7 — 

60 

Pink — 

YelhW. 

Brom Cresol Green . 

40 -- 

5*6 

Yellow — 

Blue Greon. 

Alizarin Rod S. 

40 ~ 

60 

Yellow-Green — 

Red. 

Laemoid . 

4-0 — 

60 

Pink — 

Violet-Blue. 

a-Naphthylamine-azo- 
benzene-p-sulphonic acid 

4-2 — 

6*8 

I^k — 

Yellow. 

Methyl Red 

4'4 — 

60 

Red 

Yellow. 

Diethyl Red . 

4-6 — 

6*6 

l»ink — 

Yellow. 

Propyl Rod 

4-5 — 

6*6 

Pink — 

Yellow. 

Phenacotolin . 

6-0— - 

6*0 

Brown -Rod — 

Pink. 

Cochineal ^ . 

50 — 

60 

Brown -Pink — 

Lilac. 

p-Nitro-phenol 

SO- 

70 

Colourless — 

Yellow. 

Azo-Litmin 

SO- 

8*0 

Red — 

Blue. 

Brom Cresol Purple ♦ 

S'— 

6*8 

Yellow — 

Purple. 

Brom Thymol Blue . 

60 — 

7‘0 

Yellow — 

Blue. 

Bnliiaxit Yellow ^ 

6*4 — 

9*4 

Yellow — 

Orange. 

Neutral Red . ^ 

6-8 — 

8*0 

Red — 

Yellow. 

Phenol Red 

6*8 — 

8*4 

Yellow — 

Red. 
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Indicator, 

Rosolio Acid . 

Tropcoolin 000 
Oroaol Red 

a-Naphthol-siilphone- 

phthalein 

m>Oresol Purple 
fl^-Naphthoi phthalein 
Thymol-Blue . 
J^henol-tetra-ohlor-phthaleiu 
o-Oresol -phthalein 
Phenol-thymol phthalein . 
Phenol phthalein 
Alizarin Blue S. 

Thymol Phthalein 
'Alizarin Yellow G. . 
Alizarin . 

Porrier’a Blue . 

Tropcoolin 0 (flehorciii 

Yellow) 


AND DlABBTM^MELtlTm 

Oohur. . , 


pH 


80 
8-9 
8*8 

90 
9*2 
8*7 
9*6 
94 
9*8 
110 
10*0 
13 0 
10*5, 
12*1 
110— 13*0 
11*0—130 

111 — 12*7 


6*9- 
7-0 - 
7*2- 

7*5- 
7*6 * 
7*3- 
8 * 0 - 
8 * 2 - 
8 * 2 - 
8*3- 
8*3- 
9*0 ■ 
9*3- 
101 - 


Acid. 

Alkatine, 

Brown 

Bed. 

Yellow 

Pink. 

Yellow 

— Red. 

Yellow 

— Blue. 

Yellow 

— Purjple. 

Red 

— Blue. 

Yellow 

— Blue. 

Colourless 

— Violet. 

Yellow 

— Violet. 

Colourless 

— Violet. 

Colourless 

— Pink. 

Green 

— Blue. 

Colourless 

— Blue. 

Yellow 

— Red. 

Lilac 

— Blue. 

Blue 

— Red. 

Yellow 

— Red-Orange. 


This method is sufficiently accurate for clinical work, but 
for the more accurate investigations it is usual to adopt an 
electrometric method. 


The hydrogen ion concentration of the blofvd under physio- 
logical conditions is always kept constant. It is only in the 
terminal stages of disease that any alteration occurs, and* 
this usually precedes death, "[nia fay.drogmiQa.eQl^^ 
of blood is perhaps one of the most constant things in nature. 
Thai this is so becomes all the more surprising when one con- 
solders the number of factors which ate tending to alter it. 

Thuli there is the constant production of acid from meta- 
bolic processes and muscular action. Again, large quantities 
of acid are poured off the blood during gastric secretion, and 
large quantities of alkali during pancreatic secretion. It is 
obvious that the regulating mechanism must be wonderfully 
efficient to keep the reaction of the blood constant during 
gastric secretion, since the HCl secreted must be derived, in 
the first place, from the blood. * 

The acid-base equilibrium system is a very complex one, 
employing, as it does, practically every system in the body. 
The various factors for keeping the reactmn of the blood 
constant are summarised as follows : — 
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NSf^J 

The intrinsic properties of the blood. 

The renal factor. 

Metabolic functions. 

Respiration. 

The Intrinsic Properties of the Blood.— That the blood, by 
nature of its physical and chemical properties, tends to keep 
its reaction constant, has been known for a very long time. 
Thus the addition of acids or alkalis, except in very large 
quantities, to blood does not alter its reaction. This property 
is known as buffering, and is due to the presence of buffer 
substances. In blood the most important bili|ers are the^ 
protein sand salts, such as the phosphates and 

NaH2P04, all of which arc capable of addii^%n acids or 
alkalis with the formation of compounds whiel|i4o not give 
free H or OH ions in solution. The free H ioi^fare soaked 
up, so to speak, and are consequently unable tc^fluence the 
reaction. Sodium bicarbonate acts similarly ill blood, a 
neutral salt bei^g formed by the action of an acip, with the 
liberation of the weak acid H2CO3. This is reac^ly excreted 
'"in the form of HgO and COg. 

We have, therefore, three substances acting as a buffer 
between the blood and excess hydrogen ions. These buffer 
substances constitute the true alkali reserve. It is usual to 
estimate alkali reserve in the form of sodium bicarbonate, 
since it is rightly assumed that any persistent increase in the 
hydrogen ions would attack this first, and a measure of the 
blood bicarbonate would indicate the extent of the acid con- 
dition, a low figure pointing to a serious state. 

A depletion of the alkali reserve, such as described above, 
is termed an acidosis, whilst an increase is known as an alka- 
losis, These terms refer to the quantity of available alkali 
present in the blood, and do not refer to the hydrogen ion 
concentration of the blood. It must be clearly understood 
that a patient may be in an extreme condition of acidosis 
with a normal hydrogen idn concentration of the blood. 
Depletion in the reserve precedes a rise in the hydrogen 
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ion concentration, and, hence, is a valuable indication for 
treatment. 

The methods for the estimation of alkali reserve are 
described at the end of this section. 

The Renal Factor, — The remarkable power of the kidney 
to secrete urine of widely varying reaction from the blood 
of constant liydrogen ion concentration has always attracted 
attention. Bence-Jones (18) was one of the first to recognise 
the signifieauce of this phenomenon, when lie described the 
alkaline urinary tide following a meal. This he ascribed to 
the removal of IICl from the blood during gastric secretion, 
thus tending to leave the blood in a more alkaline condition. 

The kidney then excretes alkaline urine in order to com- 
pensate the blood. Bence-Jones’ theories have been borne 
out by a number of investigators, and the importance of the 
work has been fully recognised. The following can be taken 
as an example of the renal function in this respect. 

According to Cushny’s theories of renal jecretion certain 
substances are kept at a more or less constant, or liminal, 
concentration in the blood. Amongst these we have certaim 
salts, such as the two phosphates referred to above. 
Therefore, one of the renal functions would be to keep the 

NaH^PO, ^ ^ 

ratio constant. 

• Na^HPO^ 

No\f any condition of acidosis will increase the value of 
this ratio, and, conversely, a condition of alkalosis will 
decrease its value. The kidney will respond by excreting 
either one or the other, and thus restoring the value of the 
ratio to its original figure. 

In this manner the kidney will excrete the absorbed 
hydrogen ions. 

Uetabolic Functians. — In general, the metabolic pro- 
cesses incline towards the production of acid. Thus sulphur 
is oxidised to sulphuric acid, and lactic and butyric acids are 
produced, but in one particular process alkali is formed, and 
is used to neutralise the acids. It will ba^emembered that 
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proteins, after being digested, are absorbed into the portal 
blood stream in the form of amino-acids. On reaching the 
liver these acids are deaminated, resulting in the setting free 
of an oxyacid and ammonia. Under normal circumstances 
the greater part of the ammonia combines with CO 2 and 
water, carbonic acid being the strongest acid present, to 
form ammonium carbonate, which in turn is converted into 
urea by the removal of two molecules of water. 

If, however, any stronger acid than HgCOg be present, the 
ammonia combines with it to form an ammonium salt, thus 
constituting another factor in the neutrality regulating 
mechanism. A condition of acidosis will thex^ore raise the 
ammonia and decrease the urea content of t^i^rine. This 
can best be expressed by working out the so-^j^^d ammonia 

co-efEcient, nitxogen ^ Jft|rmally this 

total nitrogen | j 

is about 5%, and may be increased up to 10| to 18% in 
extreme conditions of acidosis. A rise in the ajbnnonia co- 
efEcient can be demonstrated very easily aftef starvation, 

• either natural or due to vomiting. 

Respiration. — ^One of the methods of absorbing acid is by 
means of sodium bicarbonate. As has bc^en stated already, 
the action of acid is to produce a neutral salt and COg, or 
rather HgCOg. 

Carbon dioxide stimulates the respiratory centre, with the 
result that the respiratory movements become much deeper, 
and consequently, the ventilation is more elEcient, with 
the result that COg is washed out of the blood. Any ten- 
dency to changes in the H ion concentration of the blood 
acts as a respiratory stimulus, producing exactly the same 
effects as COg. It appears that the body uses this weak 
volatile acid for fine adjustment of the blood reaction — a 
condition of acidosis being accompanied by washing out of 
acid in the form of COg, whilst an alkalosis is compensated 
for by retention of this substance. 

Support for tl5fe view is obtained by studying the respira- 
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tory changes following a meal. If no food be tajcen for some 
time, the alveolar carbon dioxide tension was shown by 
Haldane (19) to remain more or less constant for the indivi- 
dual. If, however, a meal be taken, it was shown by one of 
us (E. C. D.) ( 20 ) that the COg tension rises during gastric 
secretion, and falls during pancreatic secretion. The rise 
duritig gastric secretion denotes retention of COg, due to the 
alkalosis following the pouring out of HCl, whilst the fall 
corresponds to excretion of COg in the period of acidosis 
following alkaline pancreatic secretion. A fall in the 
alveolar CO 2 tension indicates that the ventilation is 
increased, with the result that CO 2 is being washed out 
of the blood. This means a state of acidosis, whilst 
an increase indicates alkalosis. Normally the alveolar CO 2 
tension varies from 85 to 45 mm., or, as a percentage, 
from 4 to 6 * 2 , In acidosis the figures are much lower, 
20 nmi,, or 1 to 2 %. 

When carbohydrate metabolism is derang^, as in diabetes 
mellitus, the fat metabolism is also affected. 

Normally, the complex long chain fatty acids are broken* 
down two carbon atoms at a time, until some simple sub- 
stance, such as pyiiivic acid, results, wliich is then oxidised 
to CO 2 and water. In diabetes, however, the breaking down 
process stops at the 4-carbon atom stage, thus leaying 
butyrifc acid. The body then tries to oxidise it away in the 
following series of reactions : 

CH 8 CH 2 CH 2 COOH , Butyric acid. 

CH3CHOHCH2COOII /3-oxy-butyric acid. 

CHsCOCHaCOOH Accto-acetic acid. 

CH 3 COCH 3 + CO 2 Acetone. 

The presence of these bodies in sufficient concentration 
produces the clinical condition known as diabetic coma. 

^-oxy-butyric and aceto-acetic acids are substances which 
ionise, and consequently are capable of producing acidosis. 
Ther^ is evidence of acidosis in coma, since the alveolar CO 2 
tension and the alkali reserve are lowerec^d^nd the question 
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arises as to whether the condition is due entirely to acidosis, 
or whether, as some observers think, there is a specific 
phannacologicai action of acfctone bodies. 

Some authorities hold the former view, and prefer to call 
the condition in diabci(‘s acidosis, whilst others lean to the 
s[)ccific action theory and refer to the condition as ketosis. 
It has been stated that eorna can be produced by the adminis- 
tration of neutral salts of aceto-acetic acid. This effect is 

said to be due to the presence of an cnolic group 

(Hurtley and Trevan) (21). Against tliis ijis ^the fact that 
workers have imbibed large (quantities of |bftone bodies 
without any effect, wliil.st all observers estip^e tlie alkali 
reserve with a view to ascertaining the onset <|i^j|^^jna. Again, 
the benelicial effect of sodium bicarbonate iuIsjSabetic coma 
has been recorded a great many times. 

Method of Investigating Acidosis and S^tosis 

The practical importance of quaiitativ'c urimiry tests for 
acetone bodies has already been (*mpliasis('d, and it is only 
with the more elaborate })rocedurcs that we are concerned 
here. The following tests are usually i)erformcd on the 
patient in whom acidosis is sus]>ected. 

1. Sellard’s (puditativc plasma reaction. 

2. Estimati(m of alkali reserve by A"an Slyke’s method. 

3. llctcnnination of the alveolar carbon dioxide tension. 

SeMard\s Test (22) 

Absolute alcohol. This should give no colour 
on evaporation with phenolphthalein. The alcohol must be 
previously tested, since it is rare to find absolute alcohol 
which is quite neutral. If siich a sjjceimen cannot be obtained 
95% alcohol may be used, j)rovided that it be neutral. 

Phenolphthalein in alcohol, 0*5%. 

One c.c. of ser\n is measured into a test tube, and 25 c.e. 
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of tested al(‘ohol are added. An immediate precipitate of 
proteins appears, which is tiltered off. Great care is taken to 
keep all the apparatus dry. 

A few drops of phenol])hthalein are added to the filtrate, 
which is evaporated to dryness. All normal sera turn pink, 
and oil evaporation to dryness the residue remains red pro- 
vided that it be kept hot. In slight acidosis, the pink colour 
docs not apjicar until the fluid has been concentrated. With 
severe acidosis the pink tint is not developed at all. but the 
residue of the c\ ajioration w'ill turn re<l on the addition of 
water; and, if \ ery severe, even this will fail to produce a 
(*olour. This test is very siinjdc and very reliable. It has 
bee'll used extensively in Ameriea, and seems to be entirely 
suited to clinical needs. 

Van SUike\^ Method for the Estimation of Alkali 
Reserve (23) 

In this method the alkali rescrv'c is cstimifted in the form 
of sodium bicarbonate. It consists in adding acid to a ^ 
measured cpiautity of serum or plasma, and extracting the 


Fkj. J.- ApparaliiN for SatiiraiiuK Plasma uitb (V^an Slyke). 

The ]K>tt}e contains glass t>(*a»i«. 

CO 2 so produced by reducing the pressure. The fluid is 
trapped by a very ingenious device, and the COg is measured. 
The alkali reserve is ca]c!ulated from this volume by reference 
to a table. 

The actual CO^ content of the blood, or else its €0^ com^ 
billing power, can be determined, 
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Solutions , — Phenolphthalein in alcohol (1%). 
Caprylic alcohol. 


5 % sulphuric acid. 

T % ammonia (carbonate free). 

Blood is removed by vein 
puncture and is collected strai^^lii 
into a centrifuge tube. The cor- 
puscles are then centrifuged down, 
and as much plasma as possible is 
pipetted off into a separating 
funnel. This is jdaced on its 
side, and is filled with the opera- 
tor’s alveolar air. It is advisable 
to pass the breath through some 
form of condensation bottle first 
(see Fig. 1). The funnel is then 
rotated around its long axis in su(»h 
a manner th^t the plasma is 
spread over tlu* sides in the form 
of a thin film. Two minutes of 
this treatment arc sufficient to 
saturate the ])lasrna wnth COg. 
Whilst this is proceeding, the 
analysis apparatus is prepared. A 
line drawing of this appears on this 
page (Fig. 2), which is suflieiently 
clear without further explanation. 
The efficiency of the taps is testvd 
by turning them off, and lowering 
the mercury reservoir, until a 



Fit!. 2. - Van Slyko's Ap< 
}){! rains for tho lOstima- 
lion of Alkali Ro.sorvt'. 

Tho rostTVoir is con- 


Torricellian vacuum is produced. 
If the taps are efficient, a sharp 
click will be heard on raising the 
reservoir. The taps F and E are 


licet ed to the main 
apparatus by means of 
a nil) her tufie, the ends 
t)f whiesh are shown cut 

JiOl’OSH. 


set so that the reservoir B and trap D eommunicatc with the 
main chamber The mercury reserxoir is raised to 





68 GLYCOSURIA AND DIABETES ^ELLITVS 

position 1 when the mercury will just fill the capillary stem 
of B. The Clip B is washed out with the ammonia solution, 
eoiitaining a drop of phenol phthalein solution. The washing 
is continued until the solution remains red, when all is 
]>ipetted off except a few drops. One e.e. of plasma is then run 
into the enp from an Ostwald ])ipette, the point of which is 
kept under the siirfH(‘e of the ammonia solution. The tap E 
is then closed, and the mercury reservoir is lowered to 
]>()sitiori 11. The tap E is then eantiously opened, and the 
liquid eontained in the enp is run into the main reservoir 
until the iit)per surface of the liquid reaches the top of the 
ea}nllary stem, when tl)e tap is shut. The cup is then washt^d 
with two lots of distilled water, each washing being run into 
the main chamber as before. A small drop of eaprylie aleoliol 
is then sneked into the chamber, followed by 0*5 e.c. of 
the sulphuric acid solution. The tap E is then closed. 
The greatest care must be taken to avoid the introduction 
of air into the aj)])aratns. The reservoir ir» now lowered 
still further, thus producing a Torricellian vacuum in the 
apparatus and causing CO 2 to be liberated. The mercury ^ 
level inside tlie apparatus will now have fallen to the 
50 e.e. mark, and the tap F is closed. The a])paratus is 
removed from the stand, and is shaken, in order to ensure 
thorougli liberation of gas. After replacing in the stand, the 
tap F 'is opened, and the solution is allowed to run into 
the tra]) D. When llie uj>per surface of tJie liquid reaches the 
top of the capillary in tlie tap, it is rapidly reversed and the 
mcremy reser\ oir raised. The mercury will then run into 
th(‘ mai!) chamber via the tube (\ leaving tlio liquid trapped 
ill D. The height of the re servoir is so arranged that the 
levels inside and outside the ap])aralus are llie same, when the 
volume of the gas is r(‘ad off. 

Despite the ingenious method of trapping, a minute 
quantity of water will collect abo\'e the mercury, but if the 
reading is made at once no correction need be applied for 
the amount of CO 2 absorbed by this miijj^e volume. The 
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volume of gas is then reduced to standard pressure by multi- 
plying by the factor obtained from the Table I. given below, 
taking the figure corresponding to the barometer reading for 
the day. liy means of Tabic IT. tlu* teni])craturc factor is 
allow'cd for, and by means of the right hand columns the 
bicarbonate equivalent eati be determined. 

The normal limits of COg eapaeity were Ibund by Van 
Slyke to be from 53 to 77 c.c. per KK) c.(*. oi* })lasma. 

The following table gives a rough idea of the T/ndings in 
various types of oases qq^ capacity, 

(‘Ai^per 100 C.C. 

Thirty normal students . . .,-4 52 to 7!) 


Acidosis, mild .... 
Acidosis, severe, in terminal stages 

4''^ 

u 

chronic interstitial nephritis 

:! 

;u 

Acidosis, severe, after ana‘stliesia . 

32 

Fatal diabetic coma 

s 

21 

Diabetes \ fit bout coma 

• 1 

% 

31 


Table I. 


Barometer. 

Barometer. 

Barometer. 

Barometer. 

760 

760 

• 

732 

0-901 

750 

0*995 

734 

0-906 

758 

0-997 

730 

0-908 

700 

1-000 

73S 

0-971 

702 

1-003 

740 

0-974 

701 

1-000 

742 ; 

0’970 

700 

1-008 

744 

0-979 ! 

70S 

1-011 

740 

0-981 

770 

1-013 

74S 

0*984 

772 

1-010 

750 

0-987 

774 

1-018 

752 

0-989 

776 

1-021 

754 

0-992 

778 

1-024 


(Van Slyke.) 
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Table II. 


Table /or Calculation^of COj— Combi ning Power far Pla sma. 


Observed 
Vol. Gas X 

7ft0 

c c. of CO 2 rodiicrd to O’ 

760 nim , bnund as Bicarbonate 
by 100 c.c. of Plasma. 

Observed 
Vol. <»as X 

JL 

c.c of COa reduced to 0® 

760 mm., bound as Bicarbonato 
by 100 c.c. of Plasma. 

■ 

20 

25 

80 


15 

£0 

25 

so 

0-20 


9*9 

10*7 

11*8 

0*60 

47-7 

48*1 

48-5 

48-6 

1 

10*1 

10*9 

11*7 

12-6 

1 

48*7 

49-0 

49-4 

49-5 

2 

110 

11-8 

12*6 

13 5 

2 

49-7 

50-0 

50-4 

50-4 

3 

120 

12*8 

13*6 

14*3 

3 

50*7 

61-0 

. 51-3 

51*4 

4 

13*0 

13*7 

14*5 

15*2 

4 

61-6 

51*9 

52-2 

52-3 

5 

13-9 

14*7 

15*5 

16*1 

5 

52*6 

62-6 

53-2 

53-2 

6 

14-9 

15*7 

16*4 

17*0 

6 

53-6 

53-8 

64*1 

54-1 

7 

15*9 

16*6 

17*4 

180 

7 

64 ;> 

,'> 4‘8 

551 

65-1 

8 

16-8 

17*6 

18*3 

18*9 

8 

55-5 

55*7 

56-0 

56-0 

9 

17-8 

18*5 

19*2 

19*8 

9 

56-5 

56-7 

57*0 

56*9 

0-30 

18-8 

19*5 

20*2 

20*8 

0*70 

57-4 

57-6 

57-9 

57*9 

1 

19-7 

20*4 

2 M 

21-7 

1 

58-4 

58-6 

58-9 

58-8 

2 

20-7 

21*4 

22*1 

22*6 

2 

59-4 

59*5 

59-8 

69*7 

3 

21*7 

22*3 

230 

23*5 

3 

60-3 

60-5 

60-7 

60*6 

4 

22-6 

23*3 

24*0 

24-5 

4 

61-3 

61-4 

61-7 

61-6 

5 

23*6 

24*2 

24 9 

25-4 

6 

62-3 

a 2-4 

62-6 

62*5 

6 

24-6 

25*2 

25*8 

26-3 

6 

63-2 

63-3 

63-6 

63*4 

7 

25-5 

26*2 

26*8 

27*3 

7 

64-2 

64-3 

64*5 

64*3 

8 

20 6 

27*1 

27*7 

28*2 

8 

65-2 

65-3 

65-5 

65-3 

9 

27-5 

281 

28*7 

29*1 

9 

66-1 

66*2 

66-4 

66-2 

0-40 

28-4 

29*0 

29*6 

30*0 

0*80 

67-1 

67-2 

67*3 

67*1 

1 

29-4 

30*0 

30*5 

31*0 

1 i 

68-1 

68*1 

68'3 

68*0 

• 2 

30*3 

30*9 

31*5 

31 9 

2 

69*0 

69*1 

69-2 

69*0 

3 

, 31*3 

31*9 

32*4 

32-8 

3 

70*0 

70*0 

70*2 

69*9 

4 

32-3 

32*8 

33*4 

33*8 

4 

1 71*0 

71*0 

7 M 

70-8 

5 

33*2 

33*8 

34*3 

34-7 

5 

71-9 

72*0 

72*1 

71*8 

6 

34*2 

34*7 

35*3 

35-6 

6 

72-9 

72*9 

73-0 

72*7 

7 

35*2 

35*7 

36*2 

36*5 

7 

73-9 

73-9 

74*0 

73-6 

8 

30*1 

36*6 

37*2 

37*4 

8 

74*8 

74-8 

74*9 

74-5 

9 

371 

370 

38*1 

38*4 

9 

75*8 

75-8 

75-8 

76 4 

0 -:)() 

38*1 

38*5 

39*0 

39*3 

0-90 

76-8 

76-7 

76-8 

76-4 

1 

39*1 

39*5 

40-0 

40*3 

1 

77-8 

77-7 

77-7 

77-3 

2 

40*0 

40*4 

40-9 

41*2 

2 

78*7 

78-6 

78*7 

78*2 

3 

41*0 

41*4 

41*9 

42-1 

3 

79*7 

79-6 

79*6 

79*2 

4 

42*0 

42*4 

42-8 

43*0 

4 

80*7 

80-6 

80*6 

80*1 

5 

42*9 

43*3 

43*8 

43-9 

6 

81*6 

81*6 

81*5 

81*0 

6 

43*9 

44*3 

44*7 

44*9 

6 

82-6 

82-6 

82*4 

82*0 

7 

44*9 

45*3 

45*7 

45*8 

7 

83-6 

83-4 

83*4 

82*9 

8 

45*8 

46*2 

46*6 

46*7 

' 8 

84 * 5 . 

f & 4*4 

84*3 

83*8 

9 

46*8 

47-1 

47*5 

47*6 

9 

85 *jr 

86*3 

86*2 

84*8 

0^80 - 

47-7 

48 X 

48*5 

48*6 

1*00 

86*5 

86*2 

86*2 

86*7 


(Van Slykc.) 
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petermmation of the Alveolar Carbon Dioxide Tension 

The observer has a choice of several methods for this deter- 
mination, blit here wc shall describe only three. 

Collection of sample by the method of ilaldane and 
Priestley, with subsequent analysis on Haldane’^ apparatus. 
Fridericia’s method. 

The automatic method, using a katharorneter. 

Haldane^^S Method (24) is undoubtedly the ideal frojn the 
point of view of accuracy, but it requires considerabhj skill 
and experience. The collection of tlie sainpletsf for analysis is 
effected by a long mbber tube, about G feet l^ig and 1 in(?h 
in diameter. This is fitted wdth a mouthpiecll'and side tube 
at one end. The side tube is connected eithe|J directly to the 
burette of the gas analysis a])paratus, or else evacuated 
receiver. 1 1 

The patieiit is instructed to breathe normaSji At the end 
of an inspiration the operator tells him to b|eathe out as 
hard as he can down the tube, and, on rea,ehii|?: the limit of 
this forced expiration, to close the end of the tube with his 
tongue. The operator then collects a sample through the 
side tube. This is analysed for COg, and the resulting per- 
centage gives the CO^ content of an inspiratory sample of ^ 
alveolar air. The process is repeated, only the patient ^is 
told to blow down the tube at the end of a normal expiration. 
The CO 2 content of this expiratory sample will be Ixigher 
than that of the former, and the mean of tiie two gives the 
required figure. This can be expz’csscd in terms of tension 
by the following calculation : — 

COg tension I percentage observed barometric pressure 

in mm. J 100 hi mm. 

The method of analysis is described in (Chapter VII. 
Although this method is almost perfect, provided that the 
operator is sufficiently skilful and the patient sufficiently 
sensible, it obviously has grave limitations. Thus it cannot 
be used for com.^ose or for dyspnceic patients. Again, some 
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patients s(‘ern niiaible lo understand the directions, ai>d 
whatcvi i* one does u bad result is obtained. In tlie course of 
a long series of rcspii’utory observations on patients, one 



of us (E. C. D.) employed a very simple and, at the same 
time, satisfactory method for the collection of samples of 
alvtjolar air. The patient was instructed to whistle rapidly 
through the lips, and when the note bega/' to fall off tlie 
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nozzle of a 20 c.c. syringe was pnsh(*(l into the n])ertnrc 
between the lips, and a sample eolle(*teti. Tliis was imme- 
diately injected into the burette of the gas analysis apparatus. 
Although this method apiJcars to break all the laws of 
respiratory technique, yet on (‘om]>arison with the standard 
Haldane-Priestley method, it was found to yield vc'ry 
accurate results. One himdr(‘d analyses were performed, 
and the two methods w^re compared. The figures w^en* 
almost identical, except that the syringe method tended to 
give rather higher readings than the Haldane-Priestley 
method. The syringe method does away with masks, tubes, 
etc., and possesses the advantage that one ojin see wliat is 
going on all the time. It must be realised, h()feyer, that the 
collection of samples of alveolar air is a very d|fip<‘ult matt(‘r, 
whatever method be adopted, and that it req|itl|res constant 
practice to get reliable samples. I I 

Poulton (25) employs a very ingenious instmnient, whieli 
he calls a tensisneter, for the collection of alvtiplar air from 
dyspnoeic patients. With definitely (‘omatose patients, the 
•syringe method yields fairly good results, the breath being 
collected at the end of an expiration. 

Fridericia’s Method (20).- Here the air is collected and 
analysed in the apparatus shown in the illustration (see 
Fig. 3). Tlie volume from A to B is 100 e.(*. and irom B fo 
the bulb the tube is graduated in cubic centimetres ffrom 2 
to 8), thus corres])onding to percentages of the total volume. 
The apparatus requires no explanation other than tlu^ lap B, 
whi(!h is of such a nature that it can eoimeel the eliamher 1) 
with E, or D with the tube (\ or E with (\ Before a 
determination, the tap B is set so that 1) and E are con- 
nected, and the ta]) A is open ; thus the apparatus forms a 
U-tube. 

The patient blows for as long as he possibly can through 
A, and at the end of the expiration A is shut. The whole 
apparatus is immersed in a pail of waiter in an upright posi- 
tion. After five i'^inutes it is assumed that the air will have 
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been cooled to the water temperature, and that no diffusion 
will have taken place. The apparatus is then removed from 
the pail, and the tap B is turned so that C and E communicate. 
By ineaus of a. rubber bulb attached to the free end of FE, 
2 to 3 e.e. of 20% NaOH are sucked up into the tube E. The 
t-iij) h is then turne d sharply so that E and D communicate. 
By scpieezin^* the bulb, alkali is forced into D, and the tap B is 
turned so as to shut off the main chamber D comi>letcIy. The 
a}>paratus is then violently shaken for a minute, in which 
time it is assumed that all the CO.^ will have been absorbed. 
The apparatus is tJien replaced in the pail of water, and the 
taj) B is turned under water so that D and C communicate. 
After leaving for live minutes or so, it is found that water 
has entered the main chamber. The whole apparatus is then 
adjusted so that the levels inside and outside tlic chamber 1) 
are the same. The percentage of COg can then be read off 
directly on the scale. Many observers state that this method 
is reliable and easy to perform, but our expejienee has been 
rather tJie reverse. 

The Automatic Method. — Recently tht‘ C.'ambridge Scien- 
tide Instrument Company brought out a new apparatus 
with which, it was stated, tlie percentage of COg in the 
alveolar air could be read off automatically. The makers 
kindly supplied us with one of these instruments, and we 
were able to satisfy ourselves that it was suiliciently accurate 
for clinical purposes. The method is absolutely automatic 
and requires no skill whatsoever. 

In conclusion, it must be .thoroughly understood that tlie 
collection and analysis of alveolar air requires great practice, 
and that a great many determinations must be made be- 
fore reliable* results arc obtained. These remarks do not apply 
to the automatic method. The normal alveolar CO 2 tension 
lies somewhere between 35 and 45 mni. Below 30 mm. 
acidosis is suspected, while below 20 mm. the onset of coma 
should be expected. 

In actual coma the figures may fall as loufas 10 to 20 mm. 
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The Tiieatment of Diabetes Mellitus 

When a copper-reducing substance is found in the urine of 
a patient, certain investigatioiis must be* carried out before 
the case can be pronounced one of diabetes. First the nature 
of the reducing substance must be determined. If this be 
found to be glucose, the sugar tolerance of the individual 
must be investigated in order to decide whether the case is 
one of diabetes meilitus. The methods employed in these 
proceedings have been described above. 

These preliminary examinations apply only to mild eases 
of diabetes ; in severe types, with symptoms as polyuria, 
thirst, wasting, and a marked degree of ke|h|lis, the deter- 
mination of sugar tolerance is hardly neeffjp^ry from the 
point of view of diagnosis. 1 1 

The starvation treatment of diabetes unaoiibtedly con- 
stituted a great therapeutic advance. It introduced 
by Allen (27)7>in 1913, as the res\dt of eJx^rimenls on 
))artially depancreatised dogs, and was followed by a 
considerable improvement in the prognosis ol the disease, 
Cluelpa (28), in 1910, had advocated periodical days of 
starvation combined with purgation in the treatment of 
diabetes. Graham (29), in 1917, also evolved a method • 
of treatnient by starvation somewhat similar to that of 
Allen. * 

The isolation of insulin by Banting and Best (1) in 1922 
constitutes a land mark, alliiough it must be recognised that 
it is in no sense a cure ; the results obtained by its use 
are variable and at times disappointing, and in every 
instance its use must be eoinbined with considerable dietetic 
restriction. 

Since the introduction of insulin, there is no unanimity as 
to the best procedure in treating a case of diabetes. There 
are four chief methods at jiresent in vogue. 

1, Tlie patient is starved until sugar free, if possible, and 
then the diet is |)uilt up with protein and fat together with 
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a small amount of carbohydrate. Insulin is in small 

doses, if required, in order to keep the blood sugai* within 
normal limits. 

2, 111 certain eases, good results may be obtained by the 
administration of insulin during the period of starvation. By 
this means it is possible to render the urine sugar free in a 
short time, and severe eases rcsj)ond very well to this mode 
of treatment. It is essential, however, to keep a very careful 
watch on the patient, and frecpient blood sugar determina- 
tions are necessary in order to avoid prolonged and dangerous 
hypoglyeaemia. 

8. The patient is not starved, but is put at once on what 
is known as the “ basal requirement diet,” and insulin is 
given in gradually increasing doses until the blood sugar 
falls within normal limits. In this method large doses of 
insulin, up to 60 units daily, may be necessary. Insulin 
sliould also be used at once in cases of diabetes with com})liea- 
tioris such as coma, tuberculosis, gangrene an^ neuritis. 

4. Here no attempt is made to keep tlic blood sugar con- 
tinuously within normal bounds, but fairly large quantities 
of carbohydrate arc given, together with insulin, so that there 
results only a slight glycosuria. 

» The method whieli from practical expericnee we luive 
found to give tlie best results in moderate eases is the lirst of 
these. It j)osscsses the following advantages : — 

1. Insulin is not used unless nceessar 3 ^ 

2. The pancreas is rested as much as possi})le. 

3. The blood sugar is kept within normal limits. ‘ 

In more sev^ere cases, the second nuthod should be 
employed. This is described later. 

The Method. The patient is put to bed and given an 
ordinary standard diet of known caloric value. The blood 
and urine sugars are estimated and the presence of ketosis 
noted. In this way the sev^erity of one case can be compared 
with that of another, and the condition of the patient can be 
accurately contrasted at some time later, ft required, with 
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hif5 state when treatment was first underfaken. The sugar 
tolerance is then determined as described above. If the con- 
dition of the patient be good, and there be no (?all for the 
immediate institution of measures directed to the control of 
the diabetes, a search should be made for any |>ossible focus 
of sepsis. Attention should be directed to the mouth, the 
teeth should be X-rayed, and the tonsils, naso-pharynx and 
sinuses investigated by a tbroat specialist. Constipation 
should be corrected, the abdomen examined with a view to 
detecting infection of tlic gall-bladder or appendix, and 
the lungs for signs of tuberculosis. It has shown that 
sepsis is often associated with hy^K^rglycamli, and possibly 
it is causally related thereto. The removal ^)^"ptie foci is a 
matter of some importance in the treatment diabetes. If 
an amcsthetic be required for this, as will p^bably be the 
case, it must be postponed until the patient p;teugar free, as 
tlie result of the aiiti-cliabetic* measures })r6pfer. In acute 
cases, in which ,an immediate operation with Ailamestlietic is 
imperative, s])ceial means of treatment shoulq be adopted, 
which arc detailed h(‘low. 

When these investigations have been completed, an 
attempt must be made to render the patient sugar free, and 
to reduce the blood sugar to within normal limits by means • 
of starvation. In severe eases in which there is marked 
acidosis, our experience lias shown that the sudden depriva- 
tion of carbohydrate food may precipitate coma. In such 
instances the diet must be reduced gradually, the fats iirst 
being cut down, then the proteins, and linally the carbo- 
hydrates, or the patient may be starved and given insulin as 
described later. In tlic vast majority of eases, however, 
starvation can be undertaken with impunity, as the acidosis 
due to starvation is not toxic. It is usually noted that the 
acidosis increases in mild cases during the initml stages of 
starvation and tlie lower grade diets. During this period the 
patient is allowed as mucli fluid as is desired in the form of 
water, lemonade.^ weak tea or coffee (without sugar or milk), 
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and half a pint of Bovril or licmco is given twice daily. Small 
quantities of alcohol, in the fonn of whisky or brandy, may 
be given during this stage if desired. The urine usually 
becomes sugar free in tw^enty-four to forty-eight hours, but 
in some instances starvation has been carried out for as long 
as seven days. If it be not then sugar free, diet 1 should be 
commenced. Should any signs of coma appear they must be 
promptly treated with insulin and glucose, as detailed below, 
when a ready response will usually be obtained. When the 
patient is sugar free, or at the end of the maximum period of 
starvation deemed advisable, whichever shall first occur, the 
graduated diets are commenced. These are best prescribed 
in accordance with the individual requirements, and may be 
built up somewhat as follows : — 


Graduated Diets in Diabetes 

In building up a graduated diet for a diabertic patient who 
has been rendered sugar free, it is essential to know the con- 
stitution of the articles of food used as regards carbohydrate, 
protein and fiit. This is usually expressed as grains per 
ounce of foodstuffs. 

The caloric value of each article in the diet can then be 
easily calculated, as 1 gram of carbohydrate or of protein 
is equivalent approximately to 4 CVils. and 1 gram of fat to 
9 Cals. 

The constitution of the more common articles of food, 
according to MaeLcan, is given in the following tabic : — 


Carho- Carbo- 

hydrate, hydrate 

Vegetables A, = 5% . . l o/.. containing 1 g. 

Vegetables B, ^ 10% . . i. oz. „ 2 g. 

Vegetables C. == 15% . . 1 oz. 3 g. 

Vegetables D, ^ 20% ,, 1 oz. „ 4 g. 

Vegetables E, 80% , . 1 oz. 6 g. 
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Vegetables A. ineludo cabbage, cauliflcmcT, Brussels 
sprouts, lettuce, sj)inae!i, cucumber, asparagus, marrow, 
rhubarb, celery, mushrooms, tomatoes, water civss, scakale, 
leeks, radish, and grape fruit. 

Vegetables B. include carrots, onions, turnips, beets, and 
French beans. 

Vegetables C\ include oranges, strawberries, gooseberries, 
cranberries, peaches, pineapple, and melon. 

Vcgeiahles J), include ])eas, artichokes, parsnips, jiciirs, 
ajiples, currants, (‘berries, raspberries and apricots. 

Vegetables E. mclucle potatoes, jihims, prnni^ and bananas. 


Grams, ^ » 




Gat ho- 

Pro- 

i 1 Fot. 

:j „ 

Valo- 



hyduite. 

tein, 

• ties. 

Veg. A. (law) 

1 oz. 

-- 1 

0*5 

G 

Veg. B. „ 

1 oz. 

^ 2 

0*5 

J 0 

10 

Veg. i\ „ ’ . 

1 oz. 

a 

2 

..t 0*1 

21 

Veg.D. „ 

1 o/. 


2 

0*1 

— 25 

Veg. K. 

1 oz. 

0 

1 

0 

28 

Bread (wdnte) 

1 07. 

1 tn 

2 

0*1 

CO 

Jiread (brown) . 

1 ()/.. 

13 

1*1 

()*t 

Cl 

Oatmeal . 

1 oz. 

18 

PC 

2 

“ 1,08’ 

Meat (uneooked 




• 


lean) 

1 oz. 

=- 0 

(» 

3 

51 

Bacon 

Fisli (eod, whiting. 

1 oz. 

0 

5 

15 

155 

haddock) 

1 07. 

0 

5 

0 

~ 20 

One egg , 

2 07. 

0 

(> 

r» 

78 

Butter 

1 07. 

0 

0 

25 

225 

Cheese 

1 OZ. 

- 01 .. 

8 

10 

122 

Milk 

1 OZ. 

_ 3*5 

1 

1 

- 19 

Cream (20%) . 

1 07. 

1 

1 

0 

-- G2 


The graduated diets may then be built up somewhat as 
follows : — 



80 GLYCOSURIA AND DIABETES .MELLITUS 


Grams. 




CarhO‘ 

Pro- 

^ 

Calo- 

Diet 1. 


hydrate. 

tern. 

Fat. 

Ties, 

A.. 10 oz. 



5 

0 

6(] 

2 . . . , 0 ‘ 
Lcrnco, Bov^riK toa, coffee 
(witiioiit sii^ar or 

12 

12 

15f] 

watcT as desired. 

Diet 2. 

Total - 

10 

17 

12 

216 

A (id \ e}y. A.. 2 oz. 


2 

1 

0 

12 

„ Kk^s, 2 


0 

12 

12 

15(j 

,, Butter, J oz. 


0 

0 

12*5 

112 

Diet 3. 

Total ^ 

12 

30 

36*5 


Add Meat, 1 oz. 


0 

6 

3 

51 

EiK‘r^>eit hroaci, 1 roll 

4 

2 

0*5 

28 


Total 

li) 

38 

‘ 40 

”575 

Dirt 4. 

Add Bacon. 1 oz. 


0 

5 '■ 

15 

155 

,, Fisli, 2 oz. 


0 

10 

0 

40 

,, Butt-er, 1 oz. 

. 

0 

0 

12*5 

112 

Cheese, 1 oz. 


0 

4 

5 

61 

Dirt 5. 

'Total ~ 

1(1 

57 

72*5 

943 

*A(ld Meat, 2 oz. 

. 

0 

12 

6 

102 

• 

Diet 0. 

Total - 

10 

GO 

"7*85 

1,045 

Add Oatmeal, i oz. 


U 

2*3 

1 

54 

Milk, 2 (>/,. 

. 

3 

2 

2 c 

38 

Diet 7. 

Total 

28 

73*3 

81*5 ‘ 

1 J37 

x\dd Cream, i oz. 


0*5 

0*5 

3 

31 

„ Meat, 2 oz. 

. 

0 

12 

6 

102 

Diet 8* 

Total 

28\5 

85*8 

90*5 

1,270 

Add Milk, 2 oz. 


3 

«> 

2 

1 

88 

54 

„ Oatmeal, 1 oz. 

, 

9 

2*3 


Total 

40-5 

00-1 

93*5 

1.862 



qbaduated diets 

Grams, 




Diet 9. 

Add Bacon, 1 oz. 

„ Brown bread, | oz. 


Carho- 

Pro- 


Calo- 

hydrate. 

tein. 

Fat. 

ries. 

0 

5 

15 

155 

0*5 

0*7 

0*2 

30 


Total *-= 

Diet 10. 

Add Meat, 1 oz. 

,, Cream, I oz. 

Total -- 

Diet 11. 

Add Brown bread. J oz. 

„ Fish, I oz. 

Total r.. 

Diet 12. 

Add Brown bread, | oz. 

„ Meat, 1 oz. 

Total r- 

Diet 18. 

Add Butter, | oz. 

„ 4Vlilk, 1 oz. 

* Brown bread, I oz. 

Total 

Diet 1 1. 

Add Cream, I oz. 

,, Butter, I oz. 

„ Brown bread, I oz. 

Total 


47 05-8 108*7 1,547 


0 

0*5 

0 

0*5 

3 51 

8 81 

17*5 

102*3 

lit- 7 1,62;> 

0*5 

0*7 ' 

(>•2 30 

0 

5 

0 2(» 

51 

108 

np!> 1,679 


I'i’i 

0*5 

• ] 

; 0-2 30 

0 

' 1 ^ 

i 3 51 

(U)*5 

11 1*7^ ] 

illS-1 1,750 

0 

0 ■ 

! 12*5 112 


1 

: 1 10 

(V5 

0*7 

0*2 80 

08*5 

110* 1 

181*8 1,011 

0*5 

0*5 

3 81 

0 

0 

12*5 ll'2 

0*5 

0-7 

0*2* 80 

75*5 

117*0 

147*5 2,081^ 


The oarbohydrate foods may, of course, be interehan^yed 
according to taste, attention being paid to their carbohy- 
drate values. Thus 1 oz. vegetable B. can be substituted for 
2 oz. of vegetable A., and 1 oz. of vegetable t'. for 3 oz. oi 
vegetable A., etc. Various condiments and sauces may also 
be used in small quantities to render the dish more attractive : 
beef tea and chicken broth may be substituted for Lemco and 
Bovril. Saccliarin up to 3 gr. daily may be used for sweeten- 
ing purposes. 
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The tables given above arc intended as a guide to the 
manner in which a diet can be built up, but no hard and fast 
rules can be lakl down, |ach case being treated to a certain 
extent individually. 

The food allowed in the day should be divided up so that 
the chief carbohydrate-containing meals occur in the morn- 
ing and the evening. This is especially of importance if 
insulin is being administered morning and evening. 

The diets which are described above must be divided up 
for practical purposes so as to constitute the meals for the 
day, the menus of Avliieh will now be set out. 

Dirt 1 . — Breakfast : N’tg. A., 3 oz. ; Egg, i ; Tea. Lunch : 
Vcg. A., 2oz. ; liovril, 10 oz. ; Water. Tea: V^eg. A., 2 oz. ; 
Tea. Dinner : \ eg. A., 3 oz. ; Egg, 1 ; Eovril, 10 oz. ; 
Wi\fvv. Total calories - 216. 

Dirt 2. - Breakfast : Veg. A., 3 oz. ; Egg, 1; Dutter, 

\ oz. ; Tea. Lunch : Veg. A., 3 oz. ; Egg, 1 ^ Bovril, 10 oz. ; 
Water. Tea : \ (g. A., 3 oz. ; Egg, 1 ; Tea. Dinner : 
V<g. A., 3 oz. ; Egg, 1 ; Hovril, 10 oz. ; Water; Butter,* 
I oz. Total calories -- 496. 

Dirt 3. - Breakfast : \Vg. A., 3 oz. ,* Egg, 1; Butter, 

I oz. : Energc n l)read, h roll ; Tvii. Lunch : Veg. A., 3 oz. ; 
Kgg, 1; Bovril, 10 oz. ; Water. Tea: Veg. A., 3 oz. ; 
Egg, r ; Tea, Dinner : Veg. A., 3 oz. ; Egg, 1 ; Bovril, 
10 oz. ; Butter, J oz. ; Meat, 1 oz. ; Energen bread, | roll ; 

Wat(u\ Total calories ^ 575. 

f 

Diet t. -Breakfast ; Vcfi. A.. 3 m . ; Egg, ] ; Butter, 

4 OZ. ; Etiei'gcii bread, J roll ; 'IVa ; Baeon, 1 oz. Luncll : 
Veg. A.. 3 oz. ; Egg, 1 ; Bovril, 10 oz. ; Water; Butter, 

J oz. ; Cheese, i oz. Tea : \'eg. A., 3 oz. ; Egg, 1 ; Tea; 
Butter, I oz. Dinner : Veg. A.. 3 oz. ; Egg, 1 ; Butter, 

I oz. ; Meat, 1 oz. ; Eiiergeu bread, I roll ; Fish, 2 oz. ; 
Water. Total calories = 848. 

Diet 5.— Breakfast : \’eg. A., 3 oz. ; Egg, 1 ; Butter, 
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J oz. ; Energen bread, | roll ; Tea ; Raeoii, 1 osp. Lunch : 
Veg. A., 3 oz. ; Egg, 1 ; Bovril, 10 oz. ; Water ; Butter, 
I oz. ; Cheese, | oz. ; Meat, 3 Tea : Veg, A.. 3 oz. ; 
Kgg, 1 ; Tea ; Butter, J oz. Dinner : Veg. A., 3 oz. ; Egg. 1 ; 
Butter, i oz. ; Eiiergeii bread, | roll ; Fisli, 2 oz. ; Water. 
Total calories 1,046. 

Diet 6. — Breakfast : Veg. A., 3 oz. ; Egg, i ; Butter, 
I oz. ; Energen bread, | roll ; Tea ; Bacon, 1 oz. : Oatmeal, 
I oz. ; Milk, 2 oz. Lunch : Veg. A., 3 oz. ; Egg, 1 ; Bovril, 
10 oz. ; Water ; Butter, I oz. ; Clu^cse, i oz. ; Meat, 3 oz. 
Tea : Veg. A., 3 oz. ; Egg, 1 ; Tea ; Butter, | oz. Dinner : 
Veg. A., 3 oz. ,' Egg, 1 ; Butler, | oz. ; ^ergeu bread, 
I roll ; Fish, 2 oz. ; Whaler. Total calories W 1,187. 

Diet 7. Breakfast : Veg. A., 3 oz. ; 1 ; Butter, 

j oz. ; Ejiergen bread, 1 roll ; Tea ; Bacon, 1 ^ Oatm(*al, 

I oz. ; Milk, 2 oz. ; Cream, oz. Lunch : V<|g. A., 3 oz. ; 

Egg, 1 ; Bovri^ 10 oz. ; Winter; Butter, I px, ; ('beese, 

i oz. ; Meat, t oz. Tea : \'cg. A., 3 oz. ; l%g, 1 ; Tea ; 

•Butter, I oz. Dinner : \’eg. A., 3 oz. : Eggi I ; Butler, 

1 oz, ; Energen bread, | roll; Fish, 2 oz. ; Water; Meat, 
] oz. ; Coffee. Total calories 1,270. 

Diet 8. — Breakfast: Veg. A., 3 oz. ; Egg, i ; Butteii, 

,{ oz. ; Energen bread, | roll ; Tea ; Bacon, 1 oz. ; ()atnu‘al, 

1 oz. ; Milk, 3 oz. ; C ream, i oz. Lunch : Veg. A.. 3 oz. ; 
Fgg, 1 ; Bovril, 10 oz. ; Water ; Butter, j oz. ; Chees(‘, oz. ; 
Meat, 4.0Z. Tea : \'eg. A., 3 oz. ; Egg, 1 ; Tea ; Butter, 
I oz. Dinner : Veg. A., 3 oz. ; Egg. 1 ; Butter, j oz. ; 
Energen bread, I roll ; Fish, 2 oz. ; Whiter ; Meat, 1 oz. ; 
Milk, 1 oz. ; Cofb^e. Total calories -- 1,362. 

Diet 0, —Breakfast : Veg. A., 3 oz. ; Egg, 1 ; Butter, 

oz. ; Energen bread, .J roll ; Tea ; Bacon, 2 oz. ; Oatmeal, 

1 oz. ; Milk, 3 oz. ; ('ream, I oz. Lunch : Veg. A., 3 oz. ; 

Egg, 1 ; Bovril, 10 oz. ; Water ; Butter, ] oz. ; Cheese, 

i oz . ; Meat, 4 oz. Tea : Veg. A., 3 oz. ; Egg, 1 ; Tea ; 
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oz. ; Energen bread, roll. lAoiaet 1 Veg, A.,- 
8 oz . ; Egg, 1 ; Butter, | oz. ; Fish, 2 oz. ; Water ; Meat, 
1 oz. ; Milk, 1 oz. ; Brown bread, i oz. ; Coffee. TotlU 
calories =- 1,647, 

JJiet 10.— Breakfast : Veg. A., 8 oz . ; Egg, 1 ; Butter, 
ioz. ; Energen bread, i roll ; Tea; Bacon, 2 oz. ; Oatmeal, 
1 oz. ; Milk, 8 oz. ; C ream, I oz. Lunch : Veg. A., 3 oz. ; 
Egg, 1 ; Bovril, 10 oz, ; Water ; Butter, I oz. ; Cheese, 

I oz. ; Meat , 4 oz. Tea : Veg. A., 3 oz. ; Egg, 1 ; Tea ; 

Butter, ] oz. ; Eiu‘rget\ bread, 1 roll ; Cream, ^ oz. Dinimr : 
Veg. A., 8 oz. ; Egg, 1 ; Butter, J oz. ; Fish, 2 oz. ; Water ; 
Meat, 2 oz. ; Milk, 1 oz. ; Brown bread, | oz. ; Coffee. 
Total calories 1,629. 

Diet 11. — Breakfast: Veg. A., 8 oz. ; Egg, 1; Butter, 
I oz. ; Tea ; Baeon, 2 oz. ; Oatmeal, 1 oz. ; Milk, 3 oz. ; 
Crc'am, 4 ez. ; Brown bread, 4 oz. Lunch : Veg. A., 3 oz. ; 
Egg, 1 ; Bovril, 10 oz. ; Water ; Butter, i oz. ; Cheese, 
J oz. ; Meat, 4 oz. Tea : Veg. A., 3 oz. ; Egg, 1 ; Tea ; 

Butter, 4 oz. ; Energen ])read, 1 roll ; Cream, 4 oz. Dinner : 
Veg. A., 3 oz. ; Egg, 1 ; Butlt'V, J oz. ; Fish, 3 oz. ; Water; 
Meat, 2 oz. ; Milk, 1 oz. ; Brown bread, | oz. ; Coffee. Total 
calories - 1,679. 

/>/>C 12.— Breakfast : Veg. A., 3 oz. ; Egg, l; Butter, 
I oz. ; Tea; Bacon, 2 oz. ; Oatmeal, 1 oz. ; Milk, 3 oz. ; 
Cream, I oz. ; Bjown bread, 4 oz. Lunch : Veg. A., 3 oz. ; 
P^gg. 1 ; Bovril, 10 oz. ; Water; Butter, I oz. ; Cheese, 
4 oz. ; Meat, 4 oz. Tea : Veg. A., 3 oz. ; Egg, 1 ; Tea ; 

Butter, I oz. ; Energen bread, 1 roll ; Cream, | oz. Dinner : 

Veg. A,, 8 02 . ; Egg, 1 ; Butter, } oz. ; Fish, 3 oz. Water ; 
Meat, 3 oz. ; Milk, 1 oz. ; Brown bread, 1 oz. ; Coffee. 
Total calories -- 1,750. 

Diet 13. — Breakfast : Veg. A., 8 oz. ; Egg, 1 ; Butter, 
4 oz. ; Tea ; Bacon, 2 oz. ; Oatmeal, 1 oz. ; Milk, 3 oz. ; 
Cream, 4 oz. ; Brown bread, 4 oz. Lunch : Veg. A., 3 oz, ; 
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1 » Bovril, 10 oz* ; Water ; Butter, | oz. ; Cheese, 
I oz. ; Meat, 4 oz. ; Brown bread, ^ oz. Tea : Veg. A., 
8 oz. ; Egg, 1 ; Tea ; Butter, | oz. ; Energcn bread, 1 roll ; 
Cream, \ oz. ; Milk, 1 oz. Dinner : Veg. A., 8 oz. ; Egg, 1 ; 
Butter, J oz. ; Fish, 8 oz. ; Water ; Meat, S oz. ; Milk, 

1 oz. ; Brown bread, 1 oz. ; Coffee. Total calories 1 , 911 . 

Diet 14 . — Breakfast : Veg. A., 8 oz. ; Egg, i ; Butter, 

I oz. ; Tea ; Bacon, 2 oz. ; Oatmeal, 1 oz. ; Milk, 3 oz. ; 
Cream, 1 oz. ; Brown bread, 1 oz. Lunch : Veg. A., 8 oz. ; 
Egg, 1 ; Bovril, 10 oz. ; Water ; Butter, I oz. 5 Cheese, I oz. ; 
Meat, 4 oz. ; Brown bread, I oz. Tea : ^eg. A., 8 oz. ; 
Egg, 1 ; Tea ; Butter, | oz. ; Energcn breadi;! roll ; Cream, 

I oz. ; Milk, 1 oz. Dinner : Veg. A., ; Egg, 1 ; 

Butter, J oz. ; Fish, 8 oz. ; Water; Mca||,.8 oz. ; Milk, 

1 oz. ; Brown bread, 1 oz. ; Coffee. Total caries — 2 , 084 . 

If feasible, blood sugar estimations should made daily, 
either before breakfast or at some Hxed liohi| after a meal. 
The urine sugar excretion should also be estim^tc'd daily and 
tests made for ketone bodies. Tliese observations should be 
recorded on a chart, 

Afcoiding to the progress juade by the patient, so is the 
dietary gradually increased, but it is well not to burry the • 
initial stages in order that tlic pancreas may be rested *as 
nuich as possible. Whether or not insulin is required Tlcpcnds 
upon the capacity for taking an adequate dietary without it, 
the blood sugar beitig kept within normal limits and tio sugar 
being found in the urine. Tlie diets are increased until either 
the blood sugar rises or glycosuria appears, when the patient 
is starved for another day and again given tlie highest 
dietary whieli was satisfactory before. If it be impossible 
to increase this further, insulin must be used if the dietary 
is not yet adequate. Five units should first be given twice 
a day, half an hour before breakfast and supper. The 
clinical unit of insulin was originally described as one-third 
that amount of insulin which will lower the blood sugar of a 
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rabbit weighing 2 kg., and starved for twenty-four hours, to 
0*045% within four hours. The recent international unit is 
40% stronger ihm tliis. This is usually sufficient to produce 
convulsions in a rabbit. 'J'iie insulin and dietary are then 
increased until the ]nitieni is on a diet 20% in excess of his 
basal re(juirein(;nt, and is at tlie same time sugar free and 
with a uomial bh)od sugar content. We have observed 
that wiicrcas in some chronic eases of diabetes the renal 
thn^shold is above normal before treatment, it may fall 
below normal during treatment, with the result that there is 
glycosuria, although the blood sugar is within normal limits. 
This has also Ixcn noted by other observers such as Langdon 
Ib’own (30). When the di(‘t and insulin dosage have been 
thus work(Hl out the blood sugar need not be estimated so 
fre(|uently, but the urine should be tested daily. 

It is necessary to know wliat eoTistitutes an adequate 
dietary. The ba^^(d requirement diet varies with the weight 
and age of tlie ])atient. For an adult 12 15 calories for 

every ])ound of body weight are required, 


8 St. 

],C80 Cals, fit 15 Cfils. per lb. 

0 St. 

. l,8fM) (’ills. 

10 St. 

. 2,1 00 Cals. 

list. 

. 2,310 Cals. 

‘ 12 St. 

. 2,520 Cals. 

Woilieu require 10% 

Jess than adnlt men, children require 

pioportionately moie. 

These figures are the minimum, aad 

do !U)t allow for anything more than the lightest muscular 
activity. In order that muscular work liiay be pci*formed 


and weight maintained, additional calories will be required 
to tlie extent of 1 0 or 20%. The pro])ortion of carbohydrate, 
fat and protein in the dietary is somewhat arbitrarily fixed 
as follows:— The carbohydrate^ tolerated by a diabetic, 
unless it be a very mild ease, will not be itiore than 30 to 
00 g. daily. One-half to | g. of protein per pound of body 
weight is reetuired. The remainder of tlie caloric value is 
made up of fat. 
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Woodyatt (8J) says that the carbohydrate should bear 
a definite ratio to tlic fat on account of its sup[)osed 
antiketogenous value ; this may be expn'SvSed by a formula 


F<2€ + 


P 

2 


, or a modified ratio of 1 carbohydrate to 1*3 fat 


may be used as suggested by Banting (32). Excess of fat in 
the diet not only is a dangerous source of ketosis, but 
also appears to load to hyperglycjcmia, and so in diabetes, 
just as there is a disturbance in tlu* metabolism of all three 
of the foodstuffs, so all three must be slri(*ily limit(*d in the 
prescribed diets. 

In order to a^ oid the ketogeuous pro])erti^ of iats. Max 
Kahn synthetised a fatly acid with an un^en number of 
carbon atoms whicli was incapable of giving risi* to acetone 
bodies when administered. This substance,: iti a rgaric acid, 
is combined with glycerine to! j|)rm an ester, 
and the result., iniarvln, can be given to dfcipetic patients 
without fear of^roducing acidosis. The substance is unpalat- 
able, and although good results haA C Ix'en rc^jorded, its use 
has been rendei*ed unnecessary by the introduction of insuli)i. 

A full account of the literature, and of th(‘ value of intarvin, 
can be found in a pa]H*r by Murray Lyon, Bobson and 
White (33). 

As regards the ealeulation of the basal recpiirement diet, 
the predicted ” body weight may be used instead of the 
actual body weight. This is of advantage, as thereby the 
very thin patient will be allowed a rather higher diet, and 
tlie obese patient a lower caloric value. It is also of nse in 
those patients whose weight is nnr(‘liahlc on account of 
(rdema. In this method the body lenglli is taken with the 
patient sitting on the floor with knees bent and back against 
a wall. The licight on the wall to thc‘ io}) of his head is 
measured. 

Ainley Walker and Drcycr’s (34) table gives the calculated 
body weight for each sex according to body length. DreyeFs 
(34) basal metabolism tables give the calories required for 
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different weights at different ages, and these may be used 
instead of the factor of 15 calories per pound. 

Basal Metabolism (Dreyer). 


Calories-^Maleg. 


Ages. 



s 

10 

15 

20 

SO 

40 

50 

60 

7a 

SO 

lb. 

10 . . . 

536 










20 . . . 

758 

390 

657 

— 

— 

— 

— 

— 




30 . . . 

928 

846 

804 

773 

733 

704 

683 

667 

653 

MS. 

45 . . . 

1138 

1037 

986 

946 

898 

863 

838 

818 

801 

788 

60 . . 

1315 

1198 

1140 

1094 

1038 

998 

969 

945 

926 

910 

80 . . . 

1517 

1382 

1315 

1262 

1197 

1151 

1117 

1090 

1068 

1060 

100 .. . 

1693 

1543 

1467 

1408 

1336 

1285 

1247 

1217 

1192 

1172 

120 .. . 

— 

1689 

1606 

1542 

1463 

1407 

1367 

1332 

1306 

1283 

140 .. . 

— 

1827 

1738 

1667 

1582 

1521 

1476 

1440 

1411 

1388 

160 .. . 

— 

— 

1858 

1785 

1692 

1626 

1578 

1540 

1509 

1483 

180 . . . 

— 

— 

— 

1889 

1702 

1723 

1072 

1032 

1599 

1671 

200 .. . 


— 

— 

2020 

1917 

1843 

1789 

c 

1746 

1710 

1681 


lliiLATioN Between Body Length and Body Weight ’ 
(Ainlcy Walker and Dreyer), 


Body Ijength 
(inoho-i) 

20 



Males. 

24 

J5()dy Weight. 

- - ™ .. — ^ 

r^’eniales. 

24 

• 22 


. 

82 

82 

24 



42 

48 

20 



54 

55 

28 



08 

70* ^ 

SO 



84 

88 

S2 



108 

108 

84 



125 

181 

36 



150 

157 

88 



177 

186 

40 



208 

219 


Basal metabolism is expressed as calories per twenty-four 
hours* In the case of females the values are 10% lower. 
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Sianoltttieoas Starvation and Administratioii of Insulin 

i 

Th^ procedure of administering insulin during starvation 
has already been referred to. This method is particularly 
suited to severe cases, but it is essential to have access to a 
laboratory where blood sugar can be estimated at any time ; 
the method also requires considerable experience. 

The patient is starved as soon as the preliminary tests 
already described have been performed. Insulin is given at- 
intervals throughout the day. If the blood sugar be very 
high, say, 400 to 500 mg. per 100 c.e., 50 units may be 
given in cither two or three doses spaced c^nly throughout 
the day. The urine should be collected tvt||^J^ourly, and be 
examined for sugar. The sugar usually disi|)(J)ears from the 
urine in twelve to forty-eight hours. As so|»n as the glyco- 
suria disappears, the treatment is earriefl on as before, 
employing graduated diets. The insulin m4y frequently be 
omitted whilst^the lower diets are being The ease is 

then treated in exactly the same manner as d^eribed under 
the orthodox metliod. Although very etlieientj^ it can he seen 
that this method is liable to produce hypoglycfcmia during 
the starvation period. Provided that the (‘caidition is recog- 
nised and treated, no harm will result, but whenever there • 
is any doubt about the patient’s eonclition, a blood su^ar 
estimation should be performed. • 

The Use of Insulin without Blood Sugar Estimations 

The necessity for fre(]uent blood sugar estimations during 
the use of insulin in the treatment of diabetes would con- 
stitute a very serious drawback to its employment in general 
practice. Attempts have therefore been made to devise a 
method whereby the benefieial effects of insulin may be 
obtained without recourse to blood sugar determinations and 
without at the same time exposing the patient to the dangers 
of hypoglyca^mia. 

In any case, one preliminary blood sugar estimation 
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should be made in order to determine that hyperglycaemia is 
present, and so that the patient is suffering from diabetes and 
not from some other condition such as renal glycosuria. In 
very severe eases, however, in which acidosis is marked, a 
blood sugar reading is not essential, although advisable. In 
niod(‘ratc degrees of diabetes the sugar tolerance curve 
should be worked out as deseribed on p. 55, as a preliminary 
measure*. 

Tlie followitig line of treatment may then be adopted : The 
patient is starved and worked up to his calculated “ basal 
requirement, diet by means of the graduated diets deseribed 
earlier in this eJia])t(‘r. If sugar be present in tlie urine when 
this stage is rcaehed insulin injections should be begun. In 
more scvi re eases tlie simultaneous use of insulin with dietetic 
r<*strietions sliould be instituted at the start of the treatment, 
as described in a previous section of this chapter. 

I'lic diet should l)e so arranged that the greater part of the 
carbohydrate allowed each day is given in tj»,e morning and 
evening, whereas the tw'O intermediate meals contain only 
very small quantities. 

A dose of 5 units of insulin is then injected half an hour 
before breakfast and tlie nrine subsequently passed is col- 
lected, as Cirahain (35) suggests, in three-hourly specimens 
tliroughout the* day and in one night specimen of six hours’ 
duration. Each of these specimens is tested for sugar, and 
the results may lie rec'orded upon a (*hart. The regime would 
therefore be as folknvs ; 9 a.m., collection of urine followed 
by injection of insulin ; 0.30 a.m., breakfast ; 12 noon, urine 
eolleeted for previous three hours ; 1 p.m., lunch ; 3 p.m., 
urine eolleeted for ])revioiis three hours ; 4.30 p.m., tea ; 
6 urine collected for previous three hours ; 6.30 p.m., 

dinner ; 9 p.m,, urine eolleeted for previous three hours ; 12 
midnight, urine eolleete^d for previous three hours ; 6 a.m., 
urine collected for previous six hours. If none of the three- 
hourly specimens of urine be sugar free after the 5 units of 
insulin the dose should be increased next morning to 10 units. 
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It may now be found that tlie second specimen after the 
injection (12 — 3 p.m.) is siig;ar free, although the first (9 a.m. 
— 12) and third (3 p.m. — 6 p.m.) specimens contain sugar, 
as do also the subsequent ones. In such a case the same dose 
of insulin should be persisted in for two or tJirec^ days in oWer 
to see whether the sugar tolerance improves. If sugar be 
still passed during some part of the twenty-four hours a 
second injection of 5 units of insulin should be given at 6 p.m, 
after collecting the urine, and half an hour before dinner. 
The evening injection is made at least six hours before the 
patient goes to sleep, as the resulting iall in the blood sugar 
has usually passed off in this time, and so;there is only a 
very remote danger of liy])oglyeiemiH developing during 
slcc}). ^ 

The doses of insulin can be gradually work^fu)), increasing 
by 5 units in the morning and next by ,5 unit^ |n the evening 
alternately, until all the spe(*iinens of urine ^re sugar free. 
An interval of |wo or f liree days should elapsq between each 
morning and evening increment in insulin dosi^ge, and in this 
way the danger of giving an overdose is reduced to a minimum. 
In some instances it will be found that the three-hours’ speci- 
men, following the two ehi(‘f carbohydrate-containing meals 
of the day, contains a little sugar, altliough tlie remainder are • 
sugar free. In any ease it is not advisable to give a single ddsc 
of more than 30 units of insulin uidess blood sugar*estima- 
tions are being made, (.‘xeept as an (‘inergency measure in 
diabetic coma. If glycosuria therefore persist when the 
insulin* has been increased to 20 or 25 units twice a day the 
carbohydrate in the diet sliould be gradually reduced. A 
specimen of urine that is sugar fret‘ immediately before an 
injection of insulin is due is a warning that great caution 
should be used in increasing the dose. Im*rements of only 
1 unit at a time arc then safest, and the ])atient should be 
warned of the early symptoms of hypoglyea?mia (see p. 101) 
so that he may immediately counteract them by eating one 
or two lumps of sugar. Even when all the specimens of urine 
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are sugar free some authorities advise that the insulin should 
be still further cautiously increased, unit by unit, until early 
hypoglycamiic symptoms appear. If it be found that they 
occur a certain time after the injection of insulin, they can be 
averted by taking a biscuit about half an hour before they 
are expected, keeping at the same tiihe the diet and the 
insulin dosage constani. If, however, they still persist, the 
insulin dosage should be gradually reduced until no hypogly- 
c^icmic symptoms are noticed (Leyton (86) ). 

Although it is possible to keep a patient almost, if not 
quite, sugar free by this method, yet it is not possible to know 
whether the maximum amount of rest is being afforded to 
the pancreas, as is the case when the blood sugar is maintained 
within its normal limits, as sliowii by repeated blood sugar 
estimations. This is so because, as we have seen above, the 
r(^nal threshold may vary during the course of diabetes, so 
that in the early stages, if it be raised, the urine may be sugar 
free, although the blood sugar eoneentrati^^n is above the 
normal renal leak point of 180 mg. per 100 c.c. 

If, on the other hand, during treatment the renal leak ” 
point fall below normal, the urine may eontaiii sugar although 
the blood sugar is within normal limits. In such a case there 
is a possibility tliat hypoglycaemic symptoms might occur 
when just sufficient insulin is given to render the urine 
sugar free. 

The most important factors in the successful administra- 
tion of insulin without blood sugar estimations arc the main- 
tenance of a constant diet and the slow increase* in the 
ijisulin injections until the correct dosage is established. 
Provided that the patient is aware of the early symptoms 
of hypoglyca:;mia, and has at liand the necessary anti- 
dote in the form of sugar, there is little to be feared on 
this score. 

Alter Treatment in Diabetes 

The treatment which has just been described may be con- 
sidered as the preliminary or stabilising treatment in diabetes : 
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it consists in establishing an adequate dietary foy the patient, 
so that the urine remains sugar free and tlie btood sugar is 
within normal limits. 

As however the after treatment is equally important there 
are several points on which advice must be given before the 
patient leaves the shelter of constant medical supervision. 

It is essential first that he shall understand the nature of 
the disease from which he is suffering and the fundamental 
principles of its treatment. These can be explained in simple 
terms intelligible to the layman. If he is taking insulin he 
should also be instructed in the method of its Administration 
before he resumes his ordinary home life. A,4vice should be 
given on the following points : — , 

2'lie Supply of Insulin. — ^This is sold ihi^bber-cap[)ed 
bottles containing 20 c.c. The insulin shbulq ij^c stored in a 
cool, dark place : it will keep for several moi|fcis, but should 
only be used i£ perfectly clear. Twenty uni^ire contained 
in each c.c. ^ \ 

The Insulin Syringe. — A specially graduated syringe is 
► simple to use. The graduations are in units, .each division 
being ,}() 'Jhe syringe may be kept in a metal case 

filled with proof spirit, wdu(di should be renewed each week 
to prevent the needle rusting. A stainless steel needle, size 16 
to 18, may be employed. With such a syringe the necessity 
of sterilisation by boiling is abolished. As tlu; rubber cap of 
the insulin bottle is apt to blunt the needle, it is preferable to 
employ two needles, one of which is used for piercing the 
rubber bap and filling the syringe, and ihg^other for injecting 
the insulin. The former may be of larger gauge than the 
latter, and can be kept separately in a small glass-covered 
vessel containing spirit. The needles sliould be sharpened from 
time to time on a piece of curved carborundum, as described 
in Chapter XVII. The injections may be made into the arms 
or thighs, but the skin on the arms cannot be pinched up on 
inserting the needle if the patient give his own injection. 
The necessity for taking carbohydrate food within half an 
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hour after a dose of insulin must be emphasised, but the diet 
and dosage of insulin will have been worked out before the 
patient begins his after treatment. 

Vrim Examinaiions.—A speeiiuen of urine should be 
examined on retiring at night and on rising in the morning. 
The patient should be taught to test the urine by Benedict’s 
method. He should also test a specimen daily with ferric 
chloride for acetone bodies, and if these be present, he should 
at once inform liis doctor. Rothera’s test is so delicate that 
minute quantities of acetone bodies may often be found, 
which are not of serious significance. If both specimens 
remain sugar free the insulin dosage should be reduced unit 
by unit, or a little more carbohydrate added to the food until 
sugar just a})pears. Tlic object is to kc(*p the urine sugar free 
and at the same time reduce the insulin or increase the 
carbohydrate as much as possible in aecordance with any 
improvement in the sugar tolerance. 

A blood sugar estimation sliould be (‘arried oyt once a month 
in the early stages of tlie after treatment, and later at pro- 
gressively longer intervals. This is tlie only ])ossible way of 
knowing that the blood sugar is wdthin normal limits, as the 
renal threshold for sugar excretion may change in the same 
patient during treatment, as previously described. 

Symptoms of Ilypoglycamiia, — The patient should be told 
clearly the signilieance of liypoglycaunia, and tJic symptoms 
by which he may recognise its onset. He should always 
cany about two or thrive lumps of sugar which he can eat if 
he feels any such early symptoms as sweating or faintness 
after an injection of insuliTi. It is a debateable point whether 
or not every patient wlio is having insulin should receive a 
deliberate overdose during the initial stage of treatment, in 
order to familiarise liimself with the symptoms of hypo- 
glyeaunia and the ease with which they can be abolished in 
the early stages, by appropriate treatment. It is not our 
custom to do so. 

Exerci ^. — Patients who are taking insulin should not 
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indulge in violent exercise, as hypoglyc seinic ecuna has been 
known to occur in such cases. 

Diet . — ^The patient at the completion of his initial or 
stabilising course of treatment is given a dtlinite dietary 
sufficient in caloric value to maintain his energy require- 
ments, and containing enough carbohydrate to enable his 
muscles, voluntary and involuntary, to carry out their 
respective functions. The remainder of his diet is made up 
of protein or fat in the correct proportion as detailed in a 
previous section of this chapter. 

The patient must understand the cardinal principles of 
the composition of his diet, and learn to we%h out his food 
carefully. For this purpose a small pair of ftNiles, wcigliing 
accurately to | oz., is required. The hda^^hold kitchen 
scales are not sufficiently delicate for the j^gurpose. The 
fluid articles of diet may be measured in a grad|imted medicine 
glass. It is generally found that after a timi the diabetic 
becomes a rbn^rkably good judge of the wei^it of various 
articles of food, so that it is not essential at {ill times to have 
them weighed. Thus if he dine out or stay for a short 
time at a hotel, he can gauge very accurately the* amount 
of meat, fish or vegetables he is allowed. This jiracticc 
should not, Ixowever, be encouraged as a routine, as it , 
favours slip-shod habits which will sooner or later prove His 
undoing. • 

A very important consideration in the after-treatment of 
a diabetic patient is the variation in diet whicli he is 
allowed. 

Variations in Diet , — During the initial stage s in treatment, 
when the individual dietary is being built up, jxitients must 
be and usually are content to take the graduated diets as laid 
down in the tables above, but when the amount of carbo- 
hydrate, protein and fat has been determined, which, with 
slight variations according to their health and advancing 
years, must be their lot for the remainder of their life, no 
effort should be spared in making the diet as varied and 
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attractive as possible. A simple method of doing Ibis is to 
consider eac‘li meal separately according to the carbohydrate, 
protein and fat content, and then from a table of diets to 
work out the most important cqiiiv^alents. 

Thus if the patient start his controlled diabetic life on diet 
J b he may have his food apportioned as follows ; — 




Grams, 



c. 

P, 

F, 

Breakfast . 

89*5 

27*5 

59-9 

liUncJi 

9*5 

86*2 

85*7 

Tea 

. . 9j 

11 

28 

Dinner 

175 

42*9 

28-9 


75*5 

117*6 

147*5 


The routine hreakfaai consists of Vc‘g. A., 6 oz. ; Egg, 1 ; 
llutter, I oz. ; Tea ; Ha(‘on, 2 oz. ; Oahneal, 1 oz. ; Milk, 
8 oz. ; (V(‘ani, 1 oz. ; Brown bread, 1 oz. 

. Lunch. — V(‘g. A., 8 oz. ; Egg, 1 ; Bovril, 10 oz. ; Water ; 
Butter, i oz. : Cticcse, i oz. ; Meat, t oz. ; Brown bread, 
i oz. 

'Tea. — V"eg. A., 8 oz. ; Egg, 1 ; Tea ; Butter, | oz. ; Eucr- 
gen bread, 1 roll ; Cn am , | t)z. ; Milk, 1 oz. 

Dinner, — Vcg. A., 8 oz. ; Egg, 1 ; Butter, I oz. ; Fish, 
8 oz. ; Water ; Moat, 8 oz. ; Milk, 1 oz. ; Brown bread, 
1 oz. ; Coffee. 

The meals nifiy be modified as follows :* — 

Breakfast, — The standard diet may be A aried by the snb^ 
stitution of some of the following arti(*]es ; an orange, an apple, 
ham, kij)pcTS, herrings, sardines, toast, smokctl haddock 
and kidneys. Sausages arc best avoided, as they contain a 
variable amount of bread. The composition of these articles 
of food is shown below : — 
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Grams. 

cT P. 

F. 

Calories. 

Orange (average weight with 
skin = 5 oz.) 

12*5 

1*2 

0 

55 

Apple (average weight with 
skin == 4^ oz.) 

15 

0 

0 

60 

Ham (boiled) . . 1 oz. 

:=r 0 

6G 


86 

Kippers (boiled) . 1 oz. 

0 

5 

2 

38 

Herrings (cooked, fresh) 1 oz. 

= 0 

7*5 

a 

57 

Sardines (tinned) . 1 oz. 

= 0 

6-6 

5*8 

74 

Smoked haddock (boiled) 1 oz. 

= 0 

5 ;; 

0 

20 

Kidneys (cooked) . 1 oz. 

== 0 

5 ,:?■ 

1*5 

38*5 

Toast . . .1 oz. 

20 

2 ; 

0 

88 

Thus instead of porridge 

the 18 

g. 

Carbohydrate 


allowed may be made up by an orange or an together 

with the requisite amount of toast or veg. A., asdltermined by 
the above table.^ If the porridge be omitted theife will remain 
4-6 g. of protein and 2 g. of fat to be added, fThis can be 
•effected by taking | oz. of bacon. If ham, kipj)f;rs, herrings, 
sardines or smoked haddock be substituted for bacon, the 
fat lost can be made good by adding just under J oz, of 
butter. A small quantity of special marmalade, such as 
Callard’s diabetic preparation, can also be eaten. 

Lunch. — Variations in this meal may be made by using 
some of the following articles of food : brazil nuts, pickles, 
potato, special cheeses such as gruy<^rc, gorgonzola, stilton, 
and camemberi, chicken, fish instead of meat, stewed rabbit, 
sweetbreads, tinned ox tongue, and olive oil. Their com- 
position is as follows : — 

Grams. 

C. P. F. Calories 

Brazil nuts . . 1 oz, = 2 5 20 208 

Pickles (mixed, un- 
sweetened) , . 1 oz. =: 1 *2 0*2 0*1 6*5 
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Gram%* 


C. . P. P. Calories. 


Potato 

1 

oz. 

=: 5 

0-5 

0 

22 

Gruy^re cheese . 

1 

oz. 

=r= 0 

10 

10 

130 

Gorgonzola cheese 

1 

oz. 

0 

7*5 

0 

111 

Stilton cheese . 

1 

oz. 

= 0 

7'5 

10-5 

184-5 

Camembert cheese 

1 

oz. 

= 0 

6-6 

6-6 

85-8 

Chicken (roast or 







boiled) 

1 

oz. 

= 0 

7*5 

2-2 

49 

Stewed rabbit . 

1 

oz. 

= 0 

10 

2 

58 

Sweetbreads (cooked) 

1 

oz. 

0 

5 

0*5 

24-5 

Ox tongue (tinned) 

1 

oz. 

== 0 

6*6 


108-8 

Olive oil . 

1 

oz. 

:rr () 

0 

30 

270 


Tims the different varieties of cheese may be interchanged, as 
there is very slight difference in their composition, and | oz. 
brazil nuts may be substituted for | oz. of butter. Chicken 
or rabbit may he eaten instead of lean meat, or twice their 
weight of sweetbreads. Ox tongue eontains more fat than • 
lean meat, but may usually be substituted for it. Mint sauce 
may be made from mint, saccharin and Aunegar. Fish is best 
taken boiled, and may be flavoured with a small quantity of 
anchoA^y or Worcester sauee. Just under half an ounce of 
olive oil may be taken instead of the butter allowance, and 
used together with a little cream and vinegar as a salad 
dressing, the salad being made from the egg and vege- 
tables A. 

Tea , — A little sugarlcss jam, such as that made by Callard, 
or special diabetic biscuits, as Callard’s kalari biscuits or 
batons, may be taken as an alternative to the standard meal, 
or the bread may be made more attractive by a small quantity 
of fish paste or gentleman’s relish. 

Dinner. — Variations may be made in the meat, chicken, or 
fish, as for lunch. The carbohydrate may also be alternated, 
as by taking oz. potato instead of 1 oz. of bread. 
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AnsBsthetics in Diabetes 

Anaesthetics may be arranged in the following order from 
the point of view of safety in eases of diabetes : — 

1. Local. 

2. Spinal. 

8. Gas and oxygen. 

4. Ether, and 

5. Chloroform. 

The latter should never be used. In emergency eases, where 
a general anaesthetic is required and there is no time to render 
the patient sugar free or to abolish ketosis, the following 
procedure should be adopted. 4 ^ 

Do not indulge in any preliminary starvfti^)n iTcatment 
before the anaesthetic. Just before the answlietic give 80 
units of insulin, and 1| oz. of glucose (50 ij in water by 
mouth. After the operation put the patient |o| the first few 
days on the ordinary milk diet, and 20 units m insulin six- 
hourly, testing afelic urine eveiy six Jiours. Larger doses, liow- 
over, may be required. If a specimen becoitie sugar free 
• give no more insulin until sugar reappears, «and then give 
10 units six-hourly. If there be no emergency the operation 
should be postponed until the patient has been rendered ^ 
sugar free and is on a fairly adequate dietary. If frequent 
blood sugar estimations be available, the correct, insulin 
dosage is determined by them rather than by urine 
examinations. 

^ Treatment of Coma in Diabetes 

This may be due to (1) ketosis and (2) hypoglycjcmia. 
There may be some diflieulty in differentiating between the 
two conditions. 

Coma Due to Ketosis , — Obtain a specimen of urine. This 
will always give an acetone reaction, but on rare occasions 
sugar is not present. The statement that diabetic coma can 
be found in a patient who is sugar free can be read in most 
text-books, yet no account is given of how this occurs. If 
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the patient be sugar free how may the diagnosis of diabetes 
be made ? 

We have seen one case of coma under these conditions. 
The patient had glucose in the urine and was suddenly 
deprived of carbohydrate in his food. His urinary sugar 
disappeared, but the fat metabolism became so deranged 
that he went into coma. Insulin and carbohydrate must be 
administered. Forty to 00 units of insulin should be injected 
four-hourly and 1 oz. of glucose given by a stomach tube at 
the same time. By this means as much as 200 units of insulin 
may be given in the twenty-four hours. Campbell and 
Macleod (87) state that the Toronto custom is to give 
insulin up to 100 units immediately with 1 g. glucose per 
unit of insulin (1 oz. per 28 units), and in all cases 
80 g. sodium bicarbonate. Although the majority of 
workers advise smaller doses, our experience has shown 
that better results are obtained with these large ones. The 
urine should be tested every six hours, a catheter being 
passed if necessary. When the urine is sugar free, omit the 
insulin injections until sugar is again found in the six-hourly 
specimen. 

If the patient cannot swallow give 20 e.e. of 10% solution 
of glucose intravenously, just before each injection of insulin. 
After the first insulin injection give an enema and also 
administer fluids by the mouth, or, if unable to swallow, 
give intravenously or subcutaneously saline (| to 1 pint). 
Poulton (38) recommends the fluid and glucose being given 
through a Ryle’s tube into the stomach. 

Coma Due to Hypoglyccemia, — Give sugar, 2| dr. of 
glucose in 1 pint of saline intravenously, and glucose by the 
mouth, I to 1 oz., as soon as the patient can swallow. It may 
also be passed into the stomach through a nasal tube, while 
the patient is uneons(*ious. 

Statements have frequently been made concerning the 
relation between diabetic coma and uraemia. It must be 
realised that there is practically always nitrogen retention in 
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diabetic coma, and all the cases examined in the Middlesex 
Hospital have had raised blood urea and non-protein nitrogen 
contents. The figures usually run between 60 and 100 mg. 
per 100 e.c. In some cases the kidney may be so damaged 
that much higher figures are found, and it is not surprising 
that such cases do not yield to insulin. Although the blood 
sugar content may be I’educed by injecting insulin, the urea 
and non-protein nitrogen contents take a long time to 
recover, and if these are sufticiently high the patient would 
die of uraemic coma even after recovering from the diabetic 
coma. We have seen several cases of this j^ture. 

E«ly Smitom. o« Hw>8bra|ite 

Usually these do not appear uiitil the blc^ sugar falls to 
50 mg. per 100 c.c. Considerable variation^ jfrom this may 
occur. Thus, with patients who for long ha\fel)ecome accus- 
tomed to a high blood sugar content, hypogweaeinic symp- 
toms may appear when the sugar has only falfen to 250 mg., 
as recorded by Leyton (86), or to 150 mg. per 100 c.c., as in 
the case quoted by Langdon Brown (30). 

The condition is, perhaps, analogous to the state of the 
patient who has become accustomed to a high blood pres- 
sure, and is uncomfortable if it be lowered, although only to* 
a figure considerably above the normal for a healthy person 
of the same age. 

On the other hand, hypoglycaemic symptoms may not be 
noticed until the blood sugar falls to 32 mg. per 100 c.c. 
(Banting (32)). 

The early symptoms are variable and include sweating, 
apprehension, Hushing, pallor, a sense of constriction arouiid 
the waist, and coldness of the extremities. These manifes- 
tations may be followed by collapse, convulsions and deli- 
rium. The symptoms usually first appear about two hours 
after the injection of insulin, but may not be noticed for as 
long as twelve hours. At the earliest warning the patient 
should take two lumps of sugar or a few sticks of barley 
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PANCREATIC FUNCTION 

The investigations of pancreatic function can be divided 
into two groups, according to whether the internal or 
external secretory process is to be examined. The chief 
disorders of internal secretion have been fully dealt with in 
the chapter on glycosuria, consequently it is only necessary 
to consider here the investigation of pancreatic function as a 
whole, and also briefly to mention the pressure effects and 
nervous symptoms associated with lesions of the gland. 

At the outset, a brief summary of the physiology of the 
pancreas must be given. Firstly, with regard to secretion, 
various views arc held as to the stimulation. Pawlow (1) 
taught tliat the mechanism of secretion was mainly nervous, • 
consisting in a reflex between the duodenal mucous mem- 
brane and the vagus. lie demonstrated that the pancreas 
could be made to secrete by stimulating the vagus under 
suitable conditions. This work has received abundant con- 
firmation. Bayliss and Starling (2), several years after the 
publication of Pawlow’s work, stated that pancreatic secre- 
tion could be evoked even after all the nervous connections 
of the pancreas and duodenum had been severed.' They 
stated that the mechanism of secretion lay in the production 
of a hormone from the duodenal mucosa by contact with 
the acid bolus from the stomach. This hormone, secretin, 
travels to the pancreas vid the blood stream and causes that 
organ to secrete. 

The experimental part of this research has also been con- 
firmed, but the modem tendency is rather to regard Paw- 
loit*f vkws as representing the physiological state of affairs, 

IM 
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and although the secretin experiments demonstrate a possible 
method of stimulation, they do not represent the physio- 
logical process. The secretion itself contains the most 
important digestive enzymes in the body. They are : — 

Trypsinogen, which, although inert in itself, is activated 
by the enterokinase of the suecus enterieus on reaching the 
intestine. This enzyme is capable of reducing most proteins 
to amino-acids. The infantile pancreatic juice is stated to 
contain no trypsinogen until about the sixth month. 

Rennin, which acts upon the calcium ci^emogenate of 
milk, converting it finally into the insoluble Cftlcium caseate, 
which is digested by erepsin. 

Lipase or steapsin, a powerful enzyme, sjppliing fats into 
fatty acids and glycerin. 1 ( 

Diastase, which hydrolyses starch iutol frualtose and 
dextrin ; and probably some invertases, > f 

The pancreatic ferments may be regarded finishing off 
the work of tke stomach. They deal with? every group 
of foodstuff, and consequently any derangelnent of the 
* external secretion should produce definite alterations in 
digestion and absorption. 

Thus complete absence of the secretion should be attended 
with ; — 

Presence of undigested protein in tlie fieces, i.e,, 
azotorrhoea or creatorrhtea. 

Presence of excessive quantities of fat, or steatorrheea. 

Presence of free starch in stools. 

Examination for any of these three conditions will consti- 
tute a test for pancreatic efficiency. 

Demonstration of Inefficient Protein Digestion 

This can be done by examination of the faeces for un- 
digested muscle fibres. Muscle fibres are often found in 
normal faeces, but they are unstriated owing to tryptic action. 
If there be inefficient protein digestion, there will be an 
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excessive number of fibres present, and they will show definite 
striations. It is as well to stain the smear with carmine prior 
to the microscopic examination. The test may be carried 
out more scientifically by using a standard test diet, such as 
tliat of Schmidt (6), which consists of the following : — 

BreakfasL 

^ litre milk. 

50 g. biscuit or bread. 

Lunch. 

125 g. chopped beef, cooked so that the interior 
is raw. 

250 g. })otatocs. 

TOO c.c. milk. 

10 g. butter. 

Tea and Dinner, the same as breakfast and lunch. 

A charcoal biscuit may be given before and at the termina- 
tion of the diet. The faeces are (rolleeted in between the 
appearances of the charcoal. r 

The stools are examined microseopi(‘ally, as detailed above. 
One slide should be stained with Lugol’s iodine, and the pre- 
sence or absence of large numbers of starch granules noted. 
All observers agree tliat the bulkiness of the stools is of the 
' greatest importancic in the diagnosis of pancreatic lesions. 
Schmidt also laid great stress on tlie presence of nuclei 
in the fiecal debris, since he stated that the nuclei of animal 
cells were digested by the pancreatic seerctioiis alone. 

Although this particular examination may be included in 
the above, he recommended a special test. Raw beef was 
cut up into cubes of about I inch deep, and these were 
hardened in alcohol. After this, the alcohol was washed off 
and the cubes were soaked in water, and placed in a silk 
gauze bag. The bag is then swallowed by the patient, and 
is subsequently recovered from the stools. The faeces are 
washed off, and the cubes arc embedded in paraffin, cut and 
stained. If the pancreas be functioning normally, no nuclei 
should be apparent. The actual value of this particular test 
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has been questioned, and a great deal has been written con- 
cerning it. It has not been adopted for general use, how- 
ever. Sahli’s (4) test was designed to show the presence or 
absence of efficient proteolytic*, action in the small intestine. 
Capsules containing salol, and coated with formalin-hardened 
gelatin, were administered, and the following twenty-four 
hours’ specimen of urine was tested for salicylic acid by means 
of ferric chloride. It was assumed that the hardened gelatin 
prevented the capsule being disintegrated in the stomach, 
but that when it reached the intestines the pancreatic juice 
was normally sufficiently powerful to liberate the compound. 
The drug appears in the urine on an average fve hours after 
the ingestion of the capsule. A negative ifeirric chloride 
reaction points to deficient pancreatic secret^. Although 
the test has the recommendation of simplicit;^, the results 
yielded by it are so variable that it has been iftbandoned. 

DemoiAtration of Inefficient Fat Digestion 

» Normally dried ffcces contain up to 25% by weight of 
fat. About 7 to 12% of the ingested fat passes out by the 
faeces. Deficient external pancreatic secretion leads to an 
increase in the faecal fat content, this increase being in the 
neutral fat fraction of the total. The faecal fat content may 
be determined in a number of ways, but Cammidge’s (5) 
adaptation of the Schmidt-Wemer process is in general 
use. 

A small quantity of faeces is dried to constant weight by 
means of a boiling water bath and a vacuum desiccator. 0*5 g. 
is weighed out and introduced into a Schmidt- Werner milk 
tube marked A. Ten c.c. of 30% IICl are added, and the 
tube is heated in a boiling water bath for a quarter of an 
hour. It is as w^cll to agitate the tube every few minutes, but 
the greatest care must be taken throughout the whole pro- 
cess that no particles adhere to the sides of the tube above 
the acid level. After cooling, the tube is filled to the mark 
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with ether, and is securely corked. The tube is then inverted 
at least fifty times in such a manner that the distribution of 
the aqueous and ethereal layers is reversed. It is then stood 
in an upright position, and is rotated to facilitate complete 
separation of the layers. When the supernatant liquid is 
clear, 20 e.c. are pipetted oft into a weighed vessel, which is 
then heated to evaporate off the ether. When dry, the 
vessel is placed in a vacuum desiccator and afterwards 
weighed. The amount of ether extract in 20 c.c. can then 
be calculated. 

The height of the remaining column of fluid in the Schmidt- 
Werner tube should be read off. 

The percentage of fat in the faeces can then be calculated 
by tlic following method : — 

If w = weight of faeces taken, 

X = the weight of fat found in 20 c.c. of ether, 
y = the number of c.c. of liquid left in the tube. 

Since 10 c.c. of 80% HCl were contained^hi the tube, the 
amount of other left will be {y — 10) c.c. The total amount 
of ether throughout which the fat was distributed will be 


20 + (?y 10) C.C., i,e., 2/ + 10 c.c. 

{y + 10) c.c. therefore represents the total volume of ether, 
throughout which the fat was distributed in the proportion 
of X g., per 20 c.c. Tlie fat content of (y + 10) c.c. will there- 

fore be 

20 


g. This gives the fat content of w g. of 


faeces. The percentage wdll therefore be given by the follow- 
ing calculation : — 

x{^+ 10) X 100 
20 X TC 

It is now necessary to determine the relative amounts of 
fatty acids and neutral fats. This can be done by weighing 
out a fresh 0*5 g. of the dried faeces into a tube marked B, 
and proceeding as above, except that 10 c.c. of distilled water 
are used for the first extraction instead of 30% HCl. Twenty 



FAT DIGESTION 


109 


C.c. of the ether extract are pipetted off, and after evaporation 
the dry residue is weighed. This is dissolved in about 20 c.c. 
of ether, a few drops of phenolphthalein in alcohol are added, 

N 

and the solution is titrated with alcoholic NaOH. Jt is 

usual to calculate the result in terms of stearic acid, although 
it must be understood that such a procedure is quite arbi- 
trary. The molecular weight of stearic acid is 284, therefore 
1 c.c. of a decinormal solution would contain 0^0284 g. If, 

N 

therefore, the number of c.c. of alcoholic NaOH used in 

the neutralisation be multiplied by 0*0284, fbe fatty acid 
content of the 20 c.c. of ether pipetted off Wi^ jbe expressed 
in grams of stearic acid. This figure. inultipHM|by two, will 
give the fatty acid content of the weight of originally 
taken. The weight of the other residue is theh Calculated as 
a percentage of the dried hcces. This representf the unsapo- 
nilied fat, or, a>Cammidge <;alls it, the “ unl$oaped fat,” 
*lf the fatty acid content be ex})rcssed as a jiertentage, and 
substracted from the above, the free neutral fat content can 
be arrived at. 

Camnjidge, who evolved these methods, states that he has 
performed some thousands of analyses on these lines with 
very satisfactory results. , 

The methods are very rapid and simple, f amniidge gives 
the following as nonnal ligurcs ; -- 

Total* fat . . . . ~ 15 to 25% liy weight of 

dried faeces. 

“ Unsoaped ” fat, /.e., total 
weight of ether soluble 
material obtained in B . = 10 to 15% 

Neutral fat . . . 1 to 2% 

Free fatty acid . . . “ 9 to 3 8% 

Combined fatty acids . . == 10 to 15% ,, 

In pancreatic insufficiency the total fat is increased up to 



110 


PANCREATIC FUNCTION 


60, 70 or 80%, and this increase is found to be in the neutral 
fats, thus showing defective fat splitting. In obstructive 
jaundice the total fat is also increased, but, since the fat- 
splitting action is normal, the increase is in the fatty acid 
fraction. Thus a defect of digestion (pancreatic lesion) is 
associated with a high neutral fat content, whilst with a defect 
of absorption (obstructive jaundice) the increase is mainly 
in the fatty acids. 


Cammidge^s Reaction 

Camniidge (0) introduced a reaction for the diagnosis of 
pancreatic disorders which depended upon the presence of a 
substance in the urine giving osazone crystals. It was 
assumed, in the original reaction, that a lesion was attended 
with the setting free of enzymes in the gland itself. This led 
to partial necrosis, and, amongst other things, to hydrolysis 
of the fats, setting free soluble glycerin, mid relatively in- 
soluble fatty acids. Tlie glycerin passed out into tlie urine, 
and yielded a compound with phenyl hydrazine. The test*» 
was subsequently modified to determine the presence of a 
pentose in the urine. Hammarston had shown that the 
pancreas contains a large quantity of pentose, and it was 
thought that in conditions associated with pancreatic dis- 
integration this body would appear in the urine. 

The test is not used as a routine, and has been criticised 
by many workers. A full account of this reaction will be 
found in the books and papers referred to in the biblidgraphy. 

Investigation of the duodenal contents is described in 
Chapter V. 

Loewi’s Test (7) 

This observer noted an increjise in irritability of the sym- 
pathetic nervous system after removal of the pancreas. This 
could be demonstrated by the fact that adrenalin would 
dilate the pupil, a reaction not seen in normal animals. This 
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reaction was applied clinically with some sticcess., Two drops 
of 1/1,000 adrenalin are instilled into the conjunctiva, and 
the pupil is examined a quarter of an hour after. If still 
^undiluted, a further 2 drops are instilled, and tlie pupil is 
examined again later. If dilatation be present, a pancreatic 
lesion is suspected. Although this test must depend upon 
some obscure internal secreting action of the paxicreas, very 
good results have been recorded. Thus Sladden (8) states 
that the test is very reliable. Cases showing hyperthyroidism 
are also said to give this reaction. 

The Diastase Test 

Wohlgemuth (9) was the first to show tha%itU*ine contains 
a starch -splitting enzyme, and to evolve a j^^thod for its 
estimation. A unit of diastase, according toj Wohlgemuth, 
is given by the number of e.e. of 0-1 % st arch soliltion digested 
by 1 c.c. of urine. Normally, the diasf atie indexlof urine falls 
between 6-6 anc^(3(). Its presence in the uriue is usually 
^ explained by the fact that diastase is absorbed from the 
alimentary canal into tlie blood stream, from which it is 
excreted by the kidneys into the urine. Although the pan- 
creas is held to be tlie site of formation, it lias been stated 
that the urinary diastase is increased after pancreatectomy, 
and, consequently, some other organ has been regarded as 
the source, more particularly tlie liver. Despite the confusion 
as to its origin, elevations or depressions in the urinary dias- 
tatic index form very useful guides to diagnosis. In renal 
disease, the index is usually below 0 0, owing to the fact that 
diastase, being a colloid, is excreted with difficulty. The use 
of this reaction as a renal function test has already been dis- 
cussed (Chapter II.). In acute pancreatitis, the index rises 
to 100, 200, or even higher figures. It is assumed that in 
these conditions there is pancreatic obstruction, with the 
result that diastase passes straight into the blood and thence 
to the urine. In chronic pancreatitis the index may or may 
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not be affected. Various other conditions have bean stated 
to cause an increase in the urinary diastase reaction, such as 
the toxtenuas of pregnancy. These observations have not, 
however, met with support. 

Original Wohlgemuth Technique {modified by E, C. Dodds 
(10) ). Solutions . — A 0*2% starcli solution. This is best 
made up by adding the weiglied quantity of starch, pinch by 
pincli, to the recpiisite volume of distilled water, and stirring 
until an even suspension is obtained. The mixture is then 
slowly brought to tlic boil, stirring all the time. After boiling 


Tpst-tube No. 



1 

1 

! 

s. 

4 . 

,'>-- 12 . 

0*2% starcli 

i 

1 1 c.c. 

1 

J c.c. 

1 c.c. 

1 c.c. 

1 c.c. — 1 c.c. 

solution. 1 

1 

! i 





BuffertHi 

1*5 c.c. 1 

1 c.c. 

0*5 c.c. 

0*45 c.c. 

0*4 c.c. — 0*05 c.c. 

urine. 






Distilled 

water. 

0*5 c.c. 

J c.c. 

1*5 c.c. 

1*55 c.c. 

'iT'O c.c. — 1*95 c^c. 


for a short time the solution becomes opalescent, when it is 
cooled and the volume is made up to the (*orreet amount. 
By this means no troublesome gelatinous masses form and 
the solution is quite uniform. Preferably this solution 
should be made up fresh each day and should never be kept 
more than a few days. 

Phosphate^^buffer solution. — This is obtained by" mixing 
15 c.c. of Sorensen’s solution A with 85 c.o. of solution B. 

Solution A is made by dissolving 11*876 g. of Na 2 HP 04 . 
2 H 2 O in 1 litre of boiled distilled water, the solution being 
kept in a paraffin-coated bottle. 

Solution B is made by dissolving 9*078 g. of KH 2 PO 4 in 1 
litre of boiled distilled water, and is stored in a paraffin- 
coated bottle. 

The resulting solution should have a pH of 6*1 
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The buffer solutions should be checked by the hydrogen 
electrode. 

1*5 c.c. of urine are added to 6 c.c. of the buffer solution. 
Tho resulting solution is well shaken in ordei* to ensure 
uniform distribution. A series of test tubes is then put up, 
each being filled as shown in table on p. 112. 

Short tubes are used inch X 4 inches), as with these 
there is less liability for drops of the various ingredients 
to stick to the sides of the tube, and, by dropping down when 
the iodine is added, spoil the end-point. The urine and the 
fractions of a c.c. of water are added first, fc^lowed by the 
starch solution. It now remains to add rapidljif 1 c.e. of water 
to each tube except No. 1. The sides of tlj^'^ube are de- 
liberately washed down into the bottom withl this distilled 
water. By adding the solutions in the abovf ^rdcr all the 
tubes get about the same digestion time. The tubes are 

incubated for half an hour at 37° C., cooled, and ^ iodine 

V 50 

is added. As sm^l a quantity as will just give a faint colour 
•is used, excess making the end-point much more obscure. 

Calculation of Results , — Suppose the tube just not showing 
a mauve tint, i.e., the one where the starch was just digested, 
contained 0*5 c.c. of the diluted urine. Therefore 0*5 c.c. of 
diluted urine, or 0-1 of the undiluted urine, digests 1 c.c. 
of 0*2% starch, or 2 c.c. of 0*1 % starch. Since the rihmber 
of Wohlgemuth’s units is given by the number of c.c. of 
0*1% starch solution digested by 1 c.c. of urine, it is 
obvious ‘that in the above ease 20 units of diastase were 
present. 

A colorimetric method has been devised by Cohen and one 
of fis (E. C. D.) (11) which gives the exact number of units 
prsesent. 

Solutions 

1, Buffer Solution, — This is made by mixing 15 c.c. of 
Sorensen’s phosphate solution A with 85 c.c. of solution B. 
The resulting solution should have a of 6*1. 


8 
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Solution A : 11 - 8 T 6 g. of Na 2 HP 04 , 2 Hjj 0 dissolved in 1 
litre of boiled distilled water. 

Solution B : 9*078 g. of KH 2 PO 4 dissolved in 1 litre of 
boiled distilled water. 

Curve to show Relation between Units of Diastase and 
Grams of Dextrin used up 



The solutions are kept in paraffin-coated bottles, and a drop 
of toluene is added to prevent the growth of moulds. 

2 , Standard Dextrin Solution. — 0*75 g. of pure dextrin 
is dissolved in a small volume of boiled distilled water, and 
the volume is made up to 100 c.c. 

8 . Iodine Solution. — 

N. . 

iodine m potassium iodide solution . 


20 c,c. 
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Saturated ammonium sulphate solution . 500 c.c. 

• Distilled water .... to 1,000 c.c. 

Method.— 1-5 C.C. of urine are pipetted into a tube, and 6 c.c. 
of buffer solution are added The mixture is well shaken. 
0*5 c,c. of this buffered mixture is pipetted into a test tube 
graduated at 80 c.c., and 2 c.c. of the standard dextrin solu- 
tion are added. After thorough shaking the tube is incubated 
in a water bath at 37° C. for half an hour. Whilst the incuba- 
tion is proceeding the standards are prepared. If the approxi- 
mate diastatic power of the urine be not known, it is as well 
to prepare three standards in order to ensure ilccurate com- 
parison in the event of very high or low readili^$. These are 
made up by pipetting 1*5, 1*0, 0*5 c.c. of sti&ard dextrin 
respectively into tubes graduated at 30 c.c. ^ ! 

When the incubation period is cornple^ |:he tube is 
removed from the water bath, and 15 c.c. of tibi iodine solu- 
tion are added to it and to each of the three st|ndards. In 
highly coloured "^srine it is perhaps as wcJl to a4d 0*5 c.c. of 
the buffered mixture to the standard immediiately before 
comparison. The volume of each is then made up to the 
mark, mixed and compared in the colorimeter, the standard 
being set at 20 mm. The standard with the nearest depth of 
colour to the unknown is selected, thus avoiding errors due 
to too wide a difference in tint. » 

The amount of dextrin present in the unknown is cal- 
culated by the familiar colorimetric ratio — that is, 


where oc is depth in millimetres of unknown, and Y is the 
quantity of dextrin in the standard. Since 2 c.c. of 0*75% 
dextrin solution — that is, 0*015 g. of dextrin — ^were pre- 
sent before incubation, the amount of dextrin used up can be 
calculated by subtracting from this the figure obtained in the 
above calculation. By reference to the curve this can be 
<*onverted into Wohlgemuth units. 


8 --.^ 
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Pressure Symptoms 

Tumours in the head of the pancreas frequently compress 
the common bile duct and give rise to an obstructive jaun- 
dice. This is usually accompanied by distension of the gall 
bladder, together with some secondary enlargement of the 
liver. 

Pressure on the portal vein may also give rise to ascites, 
but this is a less common pressure symptom than jaundice. 

Nervous Symptoms 

These arc most noticeable in acute inflammatory lesions 
of the pancreas. 

They are due to irritation of the adjacent solar plexus, 
and include pain in the epigastrium and back, vomiting and 
shock. 

(Paroxysms of epigastric pain may also^cur in the more 
chronic affections of the pancreas, such as new growth, or in 
chronic pancreatitis. “ 

Conclusions.- ~ It remains to evaluate the findings of tests 
for pancreatic efficiency. From considerable experience in 
routine laboratory work one would say, without doubt, that 
the tests are of the greatest value in the differential diagnosis 
of acute haemorrhagic pancreatitis. The diagnosis of this 
condition from several other acute abdominal lesions is 
admittedly difficult on purely clinical lines, yet the estima- 
tion of urinary diastase will undoubtedly clinch the matter. 
It is usually stated that a diastatic index of over 100 indicates 
the condition, but we prefer to make a certain diagnosis only 
on figures of 200, although the former figure is to be regarded 
as very suggestive. In the records of the Biochemical 
Department of the Middlesex Hospital during recent years 
twenty-three urines were examined of cases with symptoms 
typical of acute haemorrhagic pancreatitis. Of these, nine 
had a diastatic index of 200 or over, and were subsequently 
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proved either by post-mortem examination, operation or 
clinical^ progress, to be suffering from acute pancreatitis. 
The remaining fourteen were proved not to belong to this 
group, and the diastatic index was normal. We therefore 
place the greatest faith in this test for this purpose, although 
we feel that it is unwise to deduce anything from small 
variations. It is claimed that other conditions, such as 
the toxaemias of pregnanc5% attended with a high dias- 
tatic index, but these opinions have not found general 
confirmation. 

For chronic pancreatic lesions, the most reliable tests have 
been found to be microscopic examination of the fagees and 
the estimation of faecal fat. In conclusion, findings in 
various common pancreatic disorders are sun:^|Lrised in the 


form of a table. 
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Acute pancreatitis 

200 

, 70-90 ? . 

■ + 

Chronic pancreatitis , 
Neoplasm invading 

10-50 . 

60 

. -f- 

pancreas 

. 30-100 . 

. 10-70 . 

. ■f' 
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CHAPTER V 


INVSSTIOATION OF HEPATIC FUNCTION 

Since the liver plays an important part in practically 
every metabolic process, it is impossible to commence this 
section with a summary of the physiology of the organ. Its 
bearing upon carbohydrate and fat metabolism has been 
alluded to in Chapter III., and in the foUowlfiig account the 
tests will be classified according to what paitpcjilar function 
of the liver they are designed to investigate. ^ this manner 
it will be possible to obtain an insight into tl:^ |)liysiological 
activities of the organ, 1 

The actual tesj^s have usually been classified the follow- 
ing manner : — 

' Investigation of the pigmentary functions. 

Testing blood, urine and fajces for bile pigments and 
their precursors. 

The van den Bcrgh reaction. 

Investigation of the metabolic fnnetions. 

The nitrogen partition methods. 

The carbohydrate methods, such as the Isevulose and 
galactose tests. 

Investigation of the antitoxic powers. 

The glycuronic acid test. 

The indican tests. 

Investigation of the relations between the liver and blood, 
or the so-called hsemopoietic fnnetions. 

The coagulation time of blood. 

The fibrinogen content. 

The blood lipase. 

Widal’s test. The haenioclasic crisis. 


lie 
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Investigation of the global capacity of the liver to eUminate 
foreign substances. 

The phenoltetrachlorphthalein test. 

Cholecystography. 

Investigation of the duodenal contents* 

Lyon’s test. 

Investigation of the Pigmentary Functions of the 

Liver 

It is necessary to commence with a very brief outline of the 
metabolism of bile pigments. Bilirubin and biliverdin are 
formed from haemoglobin derived from broken down red 
cells. According to the older views, the liver is responsible 
for this production, although there is evidence to show that 
other tissues can effect these changes. This side of the ques- 
tion will be dealt with wiien describing the van den Bergh 
reaction. It will be remembered that bile pigments are con- 
verted in the intestine into a number of subi^tances, the most 
important of which arc urobilin and its precursor, urobilinogen. 

These changes are brought about by bacteria. Urobili- 
nogen and urobilin are absorbed into the circulation, and are 
picked out by the liver cells, and re-excreted into the bile as 
bile pigments, biliverdin and bilirubin. A very small amount 
of urobilin is excreted normally into the urine, and special 
tests are required to demonstrate its presence. Damage to 
the liver cells causes them to lose this property of converting 
urobilin into bile pigments, with the result that this body 
accumulates in the blood, and is excreted into the urine in 
easily demonstrable amounts. This change precedes the 
appearance of actual bile pigments in the urine by a con- 
siderable time. Thus tests for urinary urobilin are quite 
strongly positive in the pre-icteric stage of acute catarrhal 
jaundice. In three cases examined, the tests were strongly 
positive three days before jaundice developed. If the blood 
give reactions for bile, it is obvious that there must be some 
derangement of hepatic function. 
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We have also employed Fouchet’s test for bile pigment in 
blood. The originator of this reaction claims that the test 
gives positive results in very high dilutions of bile-containing 
solutions. We have been able to confirm his statements 
completely, finding that the test was positive up to a dilution 
of 1 in 60,000. 

Fouchet’s Reaction for Bile Pigment in Blood (l).— To 
3 drops of serum on a white porcelain surface, 3 drops of the 
reagent (20 c.c. HgO, 2 c.c. of 10% FeCljj. 5 g* trichloracetic 
acid) are added. A white coaguliim results from the pre- 
cipitation of the scrum jiroteins by the trichloracetic acid 
contained in the reagent. If the reaction positive the 
coagulum turns a greenish-blue colour, reacliiljijg a maximum 
in about twenty minutes. , ^ 

Tests for Urobilin and Urobilinogen in --Ehrlich's 
Aldehyde Reaction (2). — To 5 c.c. of urine 2 di|Dps of a 3% 
solution of paradimethylaminoazofienzaldehyd^in 50% HCl 
are added. If Hie test be positive the resuliing mixture 
becomes deep red. Occasionally it is necessar\^ to warm the 
solution to bring about the reaction, wliich may take a few 
minutes to develop. This test, when positive, demonstrates 
the presence of a pathological amount of urobilinogen. 

Sddemnger's (3) Test for Urobilin , — Twenty c.c. of urine 
arc acidulated with acetic acid, and then the uroiiilin is 
extracted by gently inverting with 5 c.c. of amyl alcohol. 
The amyl alcohol layer is pipetted off and a few drops of a 
10% ak;oholic solution of zinc chloride or acetate are added 
to it. If a green fluorescence develop the test is positive ; in 
addition, the characteristic spectrum of the solution (a band 
in the green between b and F) can be observed. A positive 
reaction demonstrates an excess of urobilin. 

Iodine Test for Bile Pigments in Urine.- -Add a solution 
of iodine in KI drop by drop, and a green colour indicates 
the presence of bile pigment. The exc*ess of iodine can be 
shaken out with chloroform. 

Glmelin’s Test for Bile Pigments in Urine. — ^Fuming 
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nitric acid oxidises bile pigment firstly to green, then blue, 
then red, and finally yellow pigment. In practice, the essen- 
tial point is that the green is separated from the yellow 
colour by purple or reddish tinges. 

If normal urine be poured on to nitric acid in a test tube, 
a purple or reddish colour, but no green, will result. To 
detect small amounts, add to a test tube of urine a few drops 
of Ca Clg solution, shake, add a few drops of NagCOg solu- 
tion and shake again. The CaCO^ precipitate carries down 
pigment. Filter, scrape off most of the precipitate, and put 
a drop of nitric acid on to paper. A green ring is seen, the 
outside of wliich is reddish-purple if bile be present. 

Tests for Bile Salts in Urine. — Hay’s test consists in 
sprinkling flowers of sulphur on to the surface of urine in a 
test tube. If bile salts be present the particles sink ^to the 
bottom of the tube. 

From what has been stated it is obvious that a positive 
Fouchet's test, or tlie presence of bile pignpits, urobilin, or 
excess of salts in the urine must indicate deranged hepatic 
function. 

Tests for Bile Pigments and their Derivatives in Fseces. 

— Schmidt's Test for Ilydrohilirubin . — small amount of 
f«BCCS is rubbed up in a mortar with a concentrated aqueous 
solution of mercuric! eJiloride. The mixture is transferred to 
a shallow, flat-bottomed dish and is allowed to stand for 
six to twenty-four liours. The presence of hydrobilirubin 
will be indicated by a deep red colour being imparted to the 
particles of farces containing this pigment. This red colour 
is due to the formation of a hydrobilirubin-mercury com- 
pound. If unaltered bilirubin be present in any portion of 
the faeces, that portion will be green in colour, due to the 
dxidation of bilirubin to biliverdin. 

Gmelin's Test for Bilirubin , — ^Place a few drops of concen- 
trated nitric acid in an evaporating dish and allow a few 
drops of the faeces and water to mix with it. The usual 
colours of Gmclin’s test are produced, i,e,, green, blue, violet, 
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red and yellow. This test can be performed on a slide, and 
observed under the microscope. 

The van den Bergh Eeaction.— Since this reaction is 
mainly concerned with the investigation of jaundice, it will, 
perhaps, be as well to describe the modern views on this con- 
dition, and to contrast them with the older ones. At the 
outset it should be stated that the reader who wishes to 
inquire deeply into this subject is fortunate in that he has at 
his disposal a number of valuable treatises. Reference to 
these will be found in the bibliography at the end of the 
chapter, but special attention should be paid to J. W. McNce’s 
excellent article (4) in the Quarterly Journt$ of Medicine, 
where a full and critical review is given. In yi^r of the easily 
available literature, only the briefest summayj|r this impor- 
tant work will be given here. Jaundice, at time of Vir- 
chow, was considered to fall und(T two heading^, pepatogenous 
and anhepatogenous. Thus, in the hc))atog^ous variety 
the condition resijjlted from obstruction of tlw ^biliary tract, 
whilst in the second, anhepatogenous variety, the bile pig- 
^ ment was thought to originate in tissues othei* than the 
liver. Later, owing to certain experimental work which need 
not be detailed here, the possibility of mihepatogenous 
jaundice was excluded. Thus Eppiiigcr (5) stated that all 
jamidice was obstructive, and in those cases where obvious 
obstruction could not be seen the scat of the trouble was said 
to be in the fine bile capillaries. Recently, however, the work 
of Aschoff (6), and his co-workers, has pointed rather to the 
original separation of jaundice into hepatogenous, or obstruc- 
tive, and haemolytic, or anhepatogenous. His work has com- 
pletely changed the views on the formation of bile pigments 
from haemoglobin. Thus it xiscd to be thought that this 
change was effected by the polygonal cells of the liver, but 
in the newer conception it is held that these simply pass the 
pigment on from another group of cells to the lumen of the 
bile capillary. 

The polygonal liver cells separate the bile capillaries from 
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the Wood stream, but between the polygonal cells and the 
blood stream we have a further series of cells described by 
Kupffer. Kupftcr cells are found in the liver, spleen, and 
other parts of the body, and belong to what Aschoff calls the 
reticulo-endothelial s'ystem. In the modern conception, it is 
assumed, on certain experimental evidence, that it is in this 
system of cells that blood pigments are converted into bile 
pigments. It can thus be seen that haemoglobin in the 
blood stream is converted into bile in the Kupffer cells, 
which normally pass it on through the polygonal cells 
to the lumen of the bile capillaries. The functions of 
the polygonal cells, therefore, are simply transmission, and 
they are not essentially concerned with production of 
pigments. 

Whether actual bile pigments, or their precursors, are 
formed by the reticulo-endothelial system has not yet been 
determined. According to this theory, it is possible to have 
jaundice arising in one of three ways — ^ 

1. Where obstruction of the bile tract prevents the escape 
through the natural channels. The bilirubin so formed will 
then be reabsorbed into the blood stream, to be subsequently 
excreted in the urine. 

2. Where the polygonal cells lose their power of trans- 
mitting pigment to the capillaries, with the result that it will 
pass direct from the Kupffer cells to the blood stream. A 
similar series of events might arise if, through excessive blood 
destruction, more pigment were offered than the polygonal 
cells could pass through. Some would then be absorbed 
direct into the blood stream, and the rest would pass normally 
into the biliary passages. 

3. Where there is a combination of these two conditions. 
That is to say, although the polygonal cells are damaged, a 
little bilirubin might pass through into the biliary passage, 
from which, owing to obstruction, it would be absorbed 
into the blood stream. In addition to this, there would be 
direct absorption from the Kupffer cells. 
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The essential point to be realised is that, in purely obstruc- 
tive jaundice, the bilirubin has passed through the polygonal 
cells of the liver, but that it is quite possible to have icterus 
due to bilirubin which has not passed through these cells. 
As will be shown later, these two varieties of bilirubin can be 
identified by a chemical reaction. 

Accordingly, McNee recommends the following classifica- 
tion of jaundice : 

Obstructive hepatic jaundice, in which there is a condition 
similar to Group I, in the above scheme. 

Hcemolytic jaundice, corresponding roughly to Group II. 
l^occic and infective hepatic jaundice, in which there is a 
combination of obstruction and direct absolution from the 
Kupffer cells similar to Group III. ' , ■ 

In Group I., the bilirubin in the serum will tejof the variety 
which has passed through the polygonal livef <|ells, whilst in 
Group II. it will not have been transmitted thlbiigh them, but 
in Group III. both varieties will be present. It ii obvious that 
if a reaction could be found to distinguish Wtween these 
varieties of bilirubin, the differentiation of jaitndice accord- 
ing to the above classification would be possible. This has 
been done by Ilijmans van den Bergh (7), who employs 
Ehrlich’s azo reaction. This consists in adding to the solu- » 
tion of bilirubin a diazonium salt in acid solution, causlhg 
the appearance of a purple compound, azo-bilirubfn. The 
diazonium compound is provided by mixing a solution of 
sulphanilic acid in HCl with sodium nitrite. Van den Bergh 
noted that icteric sera, when treated in this manner, either 
gave an immediate colour, or else a very delayed reaction. 
He was able to assert that the first type of reaction was given 
by bilirubin which had passed through the liver cells, and 
that the delayed reaction resulted with pigment formed 
without the agency of the polygonal cells, ix., absorbed 
direct from the Kupffer cells. In cases of toxic and infective 
hepatic jaundice, there is usually a biphasic response, 
probably due to the presence of both types of bilirubini 
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The following account is the revised method for performing 
the reaction (8) : The examination must be made within 
about two hours of taking the blood, or paradoxical results 
are obtained. Ten to fifteen c.c. of blood are collected in an 
oxalated tube. The latter is prepared by adding 0*2 c.c. of 
10% potassium oxalate solution, and evaporating to dryness 
during the process of sterilisation. The tube containing 
blood is centrifugated and the clear supernatant plasma is 
pipetted off. 

Solutions, — (1) A freshly prepared solution of Ehrlich’s 
diazo reagent. This is made by mixing the two following 
solutions iinincdiately before the test : — 


A. Sulphanilie acid . . 1 g. 

Concentrated IICl . , 15 c.c. 

Distilled water . . 1,000 c.c. 

B. Sodium nitrite . . 0-5 g. 

Distilled water . . 100 c.c. 


The actual reagent is made immediately prior to the test by 
mixing in tlie proportions of 25 c.c. of solution A to 0-75 c.c. 
of solution B. 

(2) Absolute alcohol (06%). 

The Direct Reaction. — Three small tubes arc set up 
(riumbered 1, 2 and 3), and 0*25 c.c. of oxalated plasma is 
pipetted into each. To the first tube, the control, 0*2 c.c. of 
water is added, whilst into No. 3 a small flake of caffeine- 
sodium salicylate is dropped, which has been found to 
accelerate the development of the colour change. After the 
salt has been dissolved by shaking, 0-2 c.c. of fresh diazo 
reagent is added, when a prompt and definite reaction takes 
place, shown by the production of a purple tint. When this 
colour has attained its maximum, 0*2 c.c. of the diazo 
reagent is added to tube No. 2, and any alteration in colour 
is compared with the fully-developed reaction in tube 8. 

One of three events may occur in tube 2 : — 

An immediaie direct reaction , — This begins at once and 
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reaches a maximum in ten to thirty seconds. The mixture 
turns to a bluish-violet colour, the intensity varying as the 
concentration of bilirubin. 

A direct delayed reaction , — Here a reddish colour, deepen- 
ing to violet, begins to appear in about lifteen minutes. 

A direct biphasic reactimi , — In this type of response a 
reddish colour appears immediately and takes much longer 
to deepen into a violet hue. 

The Indirect Reaction. — ^If neither the first nor second 
responses be obtained the indirect reaction should be pro- 
ceeded with. To 1 c.c. of plasma 0*5 c.c. of efiazo reagent is 
added, and after a minute or so 2*5 c.c. of alcohol and 
1 c.c. of saturated aqueous ammonium sulp^fe solution are 
added. After thorough mixing, the tube contents arc 
centrifugated and the supernatant clear fluid j64n be used for 
quantitative colorimetric analysis. If the coK)i|ir be too deep 
it may be diluted with alcohol, two parts to of the solu- 
tion. \ 

Qoantitatiye itoaction. — ^The indirect readtion may be 
converted into a quantitative process by matching against a 
standard of ferric thiocyanate in ether. This solution is made 
up as follows : — 

Dissolve 0*1508 g. of ammonium iron alum in 50 c.c. of 
concentrated IlCl and add water to 100 c.c. The resulting 
solution is quite stable and is aboiit 1 in 320 N. To fO c.c. of 
this solution add 25 c.c. of concentrated HCl, and water up to 
250 c.c. This gives a dilution of 1 in 8,000 IN, which keeps 
for six months. To 3 c.c. of this stock solution an equal 
v^olume of 20% potassium thiocyanate solution is added, and 
the resulting mixture is well shaken and extracted wdth 12 
c.c, of ether. The ethereal extract is used as the standard 
and the solution obtained in the indirect test is matched 
against it. This standard corresponds to a concentra- 
tion of 1 in 82,000 N of bilirubin, ?\e., 1 in 200,000 azo- 
bilirubin. An indirect test, containing exactly the same 
amount of colour as the standard, is said to contain 1 unit 
of bilirubin. 
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Van den Bergli and Muller now recommend the following as 
a standard solution : 2*161 g. of anhydrous cobaltous sulphate 
are dissolved in 100 c.c. of water, thus giving a solution which 
corresponds in colour with an azo-bilirubin solution of 1 in 

200.000, one unit. The salt must be anhydrous, and the 
standard solution should be checked against the one already 
described, i.c., ferric thiocyanate, and must be stored in the 
dark. 

Interpretation of the Results. — An immediate direct 
reaction indicates obstructive jaundice, whilst a delayed 
direct reaction points to a haemolytic or non-obstructive 
form. Tlic biphasic reaction is found in cases of toxic and 
infective jaundice, w^iere both obstructive and non-obstruc- 
tive processes are at work. It must be borne in mind that all 
sera giving a positiv^c direct reaction also give a positive 
indirect reaction, although the reverse does not necessarily 
hold true. In a marked case of non-obstructive jaundice 
there may be as much as 1 2 units of bilirubin present in the 
serum. Many interesting facts have come To light since the 
advent of this reaction. Thus the bilirubin content of normal < 
serum has been found to be between 1 in 1,000,000 and 1 in 

400.000, or, taking 1 in 200,000 as a unit, tlic limits are 0*2 
to 0*5 units. The renal threshold value of bilirubin has also 
been worked out. Thus it is stated that bile does not appear 
in the ift'ine until 4 units are present in the blood. In haemo- 
lytic jaundice this relation docs not hold, since it is quite 
possible to have between 5 and 18 units present in the blood 
with no bile in the urine. It is suggested that the bile is 
excreted in the form of urobilin in these cases. Perhaps one 
of the most important developments of this reaction is the 
recognition of cases of latent jaundice, in which there is 
sulBcient bile to produce slight icterus, but not sufficient 
to produce bile in the urine. Pernicious anaemia belongs 
to this group. With regard to dissociated jaundice, i.e., 
independent retention or excretion of bile pigments and salts, 
little light as yet has been thrown by the reaction. Hsemo* 
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lytic jaundice is certainly a dissociated contlition, since 
the bile salts are unaffected. Iletentioii of bile pigments 
alone has been observed in the later stages of catarrhal 
jaundice. 

Although the van den Bergh reaction is more delicate than 
Fouchet’s test, it is much more easily obscured by haemolysis 
and similar conditions than is the latter. 

It is therefore possible to have a scrum giving a frankly 
positive Fouchet’s test, but an obscured or negative van 
den Bergh reaction. In cases of obstruction it is very valuable 
to test the faeces for bile derivatives. Alth^gh the lieces 
are usually pale in cases of complete obstruction the presence 
of blood may render the colour dark. It is ili^Jjliich instances 
that the tests for bile are of the greatest valuO*^ * 

, ‘ !- 
I 

Investigation of the MetxV colic Functions 

By Nitrogen Partition Methods.—wSince one of the most 
• important metabolic functions of the liver is the formation 
of urea from ammonia derived from the deamination of 
amino-acids, it might be expected that deranged function 
would alter the distribution of nitrogen in the various nitro- 
genous bodies of blood and urine. It has already been 
explained, in Chapter II., tluit the concentration oT these 
bodies in the* urine depends largely upon the amount of 
protein taken in the food, and, consecjuently, reliable results 
could only be expected from examination of the blood, or, in 
the ease of the urine, by ratios. Thus the estimation of the 

urea N 

urinary nitrogen eo-efiieient, i.e,, N ^ P^^" 

centage, has been recommended as a test of hepatic function. 
Normally, the value of this co-eliicient is between 85 and 90 , 
whilst in hepatic inelFiciency it is said to fall to 40 or 50 , 
indicating a decrease in the ureogenetic function. Since urea 
is formed by the liver from ammonia, it would be expected 
R.K,U, 9 
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that in cases of deficient ureogenetic function the urinary 
ammonia would be increased. This can be expressed by the 
ammonia co-eflicient (see Chapter IL), which rises as the 
nitrogen eo-efficient falls. 

On exactly similar grounds the estimation of amino-acids 
in blood and urine, and of blood non-protein nitrogen, have 
been recommended, elevation of these being said to indicate 
deranged function. 

When the vast amount of reserve liver tissue is called to 
mind, and the various extraneous factors capable of modify- 
ing these figures, any test depending on the above estimations 
falls to the ground on general principles. 

The Laevulose Tolerance Test. — The power of the liver to 
absorb and store large tiuantities of glucose has already been 
described. This action is not confined to glucose, but holds 
good also for laevulose. 

Strauss (9) suggested that the estimation of Isevulose 
tolerance might be used as a test for hep^pfic function. He 
had noticed that 90% of his cases with disorders of the liver 
showed Iscvulosuria, whilst 10% only of normal controls* 
exhibited this phenomenon. The test consisted of giving 
100 g. of lajvulose by the mouth, and collecting the following 
twenty-four hours’ specimen of urine. The sugar, if any, in 
this was estimated in the usual manner. In positive cases 
laevulose appeared in the urine about one hour after the 
administration of the sugar. Since the publication of 
Strauss’ original paper in 1901, much has been written con- 
cerning this test, but the majority of observers (Worner and 
Reiss (10), Churchman (11) ) agree tliat, in its original form, 
the test is unreliable. Shirokauer (12) was the first to sub- 
stitute the estimation of blood sugar in the place of urinary 
sugar. This observer noted that there was little or no rise in 
blood sugar content in a normal person one hour after the 
administration of 100 g. of laevulose. If, however, the liver 
were damaged, the rise was marked — even up to 190 mg. per 
100 c.e. It must be understood that the total sugar is esti- 
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mated in the usual miuiner, and that the figure obtained 
represents the sum of the glucose and hevulose contents. 

The patient is bled and 100 g. of tevulose are given 
dissolved in water. According to Spence and Brett (18), the 
dose of laevulose should vary with the patient’s weight, 
according to the following figures : — 

80 kg 50 g. 

60 kg. . . . . 40 g, 

40 kg. . . . . 80 g. 

Specimens of blood are taken at half-hourly{ intervals, and 
the urine is collected half-hourly, and is teit^d for sugar. 
If the blood sugar rise above 140 mg. per il^O c.c., or if 
the rise above the first value be over 30 a degree of 
hepatic inefficiency is indicated. The urinatyl findings are 
of doubtful value. I 

The Galactose Tolerance Test. — ^Normally, thf ingestion of 
40 g. of galactose results in no appreciable inerease of the 
•blood sugar and little if any galactosuria. But in certain 
cases of deranged liver function, such as catarrhal jaundice 
and other maladies affecting the liver cell itself, a hyper- 
glycaemia results and galactose is found in the urine. , 
In obstructive and haemolytic jaundice the test is negative, 
but uniformly positive results arc obtained in conditions 
that damage and destroy the hepatic parenchyma. Thus 
cirrhosis, acute or subacute atrophy, catarrhal jaundice, 
which is perhaps a hepatitis, and neoplasms, all give 
positive results varying in degree with the extent of the 
lesion. 

The galactose used must be pure and have a rotatory power 
of at least 76°. The blood sugar is taken before and every 
half-hour after the ingestion of the sugar. 

The following are two examples — one a normal individual 
and the other a case of cirrhosis in a woman, jaundiced, with 
an enlarged liver and a caput medusse : — 


9.^.2 



132 INVBSTiaATION OF HBPATIO FUNCTION 



Nomud. 

Cirrhosis. 


Per 100 C.C. 

Per 100 C.C. 

Blood sugar before galactose 

85 mg. 

.. 80 mg. 

Half an hour after 

106 „ 

181 „ 

One hour after . 

111 „ 

... 190 „ 

One and a half hours after . 

90 „ 

140 „ 

Two hours after 

80 „ 

187 „ 

Urine .... 

Negative 

. . 8 g. of galac* 


tose passed. 

This test has been used extensively on the Continent, 
more especially by Bailor, Kahler and Marchoid, and also in 
America by Rowe (14). 

Investioation of the Antitoxic Pow'ebs of the Liver 

That certain drugs and organic bodies are combined with 
detoxicating groups by the liver is well known. Perhaps the 
best known reaction is that obtained witJk drugs, such as 
camphor and salicylates, and their derivatives. The adminis- 
tration of these bodies is followed by their excretion in con- 
jugation with glycuronic acid in the urine. In hepatic 
derangements it is stated that conjugation does not occur 
Jind glycuronic acid is absent from the urine. 

The Glycuronic Acid, or Roger^s Reaction (15). — The patient 
is given 5 gr. of aspirin, or of salicylate of soda, by the mouth, 
or 5 gr. of camphor in olive oil are injected subcutaneously, 
and the following twenty-four hours’ specimen of urine is 
collected and tested for glycuronic acid by ToUen’s reaction. 

To 20 c.c. of urine, 5 c.c. of 10% basic lead acetate solu- 
tion are added, and the solution is filtered. Ten c.c. of the 
clear filtrate are measured off, 5 c.c. of concentrated HCl and 
1 c.c. of a 1 % solution of naphthoresorcin in alcohol are added. 
The tube is then heated in a boiling water bath for fifteen 
minutes, and is removed and cooled. Two c.c. of ether are 
added, and the tube is inverted several times. If glyeuro- 
nates be present the ethereal layer will assume a purple 
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tinge, thus indicating normal hepatic function ; if no gly- 
curonates be present an abnormal hepatic function is indi- 
cated. A red colour does not constitute a positive reaction. 

The Indican Reaction. — The liver is supposed to destroy 
ihdican, hence spontaneous indicanuria, or indicanuria after 
a provocative dose of indol, is said to indicate liver ineffi- 
ciency. Tests depending upon an increase in the ethereal 
sulphates after the administration of substances such as 
thymol have been described, but since these reactions have 
never been in general use, and have proved unsatisfactory 
they will not be discussed. 

Investigation of the so-called Hj^i^poietic 
Functions 

The Coagulation Time of the Blood.—Thii |is said to be 
increased in disorders of the liver. The c-cA^lation time 
may be determined by various methods, silcp as that of 
Wright and Colcbrook (16) who draw the blood u}> from a 
finger puncture into a series of capillary tubesi The tubes 
^ are then collected into a bunch and a rubber band is arranged 
so that the ends are covered. Noting the time, the bundle 
is dropped into a water bath kept at a constant temperature 
of 37° C. Tubes are removed at the end of one, two, three to 
four minutes, and coagulation is observed by attempting lo 
blow out the blood. By this metliod the coagulation time 
for normal blood is found to be tliree and a half minutes. 

The Fibrinogen Content of the Blood.— Since the coagula- 
tion time of the blood is increased, it would be expected that 
the fibrinogen content would be decreased in hepatic ineffi- 
ciency. Hurwitz states that tliis lest is very useful, and 
recommends the following teclini(pie. Twenty e.c. of oxalated 
plasma are heated to 59° C, for twenty minutes, when the 
fibrinogen is precipitated. This is centrifuged off, washed in 
water, alcohol, ether, and is finally dried and weighed. Alter- 
natively, the nitrogen content of plasma and serum of the 
blood in question can be estimated, and the fibrinogen con- 
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tent arrived at by subtraction. Hurwitz (17) states that 
normally 0-8 to 0*4 g. of fibrinogen per 100 c.c. is present. 
This may be reduced to 0-05 g. or less in hepatic disorders. 

A Colorimetric Method for the Determination of Fibri- 
nogen {IS).-— Reagents , — 1. 0-8% NaCl solution. ' 

2 . 2-5% CaClg solution. 

8 . 1 % NaOH solution. 

4. 5% H 2 SO 4 . 

5 . Phenol reagent. This reagent is prepared as follows : 
Boil together for two hours (using a reflux condenser) 100 g. of 
sodium tungstate, 20 g. phosphomolybdic acid (or an equiva- 
lent of molybdie acid), 50 c.c. of phosphoric acid (85 per cent.) 
and 75 c.c. of distilled water. After the period of heating, cool, 
dilute to 1 litre with distilled water and filter if necessary. 

6 . 20 % NagCOg solution. 

Standard Solution.—A convenient standard is made by 
dissolving 50 mg. of tyrosine in 250 c.c. of 0*1 N.HCl. 

Method. — ^Measure 1 c.c. of plasma (from oxalated blood) 
into a flask containing 28 c.c. of 0 * 8 % NaCl solution, and 
1 c.c. of 2*5% CaClg solution. Mix and allow to stand undis- ^ 
turbed for twenty minutes. Break up the jelly, shaking 
slightly, and transfer it to a dry filter. While filtering, a fine 
glass rod with a pointed end is inserted into the jelly and 
whirled gently round. All the fibrin will stick to the rod. 
Slip the* fibrin off the rod and press it between dry filter paper, 
removing as much of the liquid as possible. Transfer it to a 
15 c.c. centrifuge tube, add 4. c.c. of a 1 % NaOH solution. 
The tube is now placed in a boiling water bath, and the con- 
tents stirred with a glass rod until the fibrin lump has com- 
pletely dissolved, leaving the calcium oxalate in suspension. 
Add 10 c.c. of water, mix and centrifuge. The supernatant 
fluid is transferred to a 25 c.c. volumetric flask, cooled, and 
1 c.c. of a 5% H 2 SO 4 solution, and 0*5 c.c. of the phenol 
reagenb added ; dilute to about 20 c.c. with distilled water. 
Add 8 c.c. of 20 % NugCOj solution, shake, add 1 drop of 
ether to dispel the foam, make up to volume and mix* 
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The standard should be prepared at the same time as the 
unknown. One c.c. of the tyrosine solution is measured out 
into a 25 c.c. flask, and sulphuric acid, phenol reagent, etc., 
are added exactly as in the' unknown. Leave standing for 
fifteen minutes before making the colour eom[mrison. 

Cahulaiion . — If the standard be set at 20 and the reading 
of the unknown be R, then the amount of the apparent 
. . . , 20 

tyrosine detennmed is x 0*2 mg. Since 1 mg. of tyrosine 

= 16*4 mg. of fibrin, the amount of fibrin in 1 c.c. of plasma 
20 

is X 0*2 X 16*4 mg., or the pcrcenta|jjp of fibrin 

20 ^ : 

^ X 0*328. : ; 

Estimation of Blood Lipase (Whipple (19) employ 

the method of Lowenhart (20). Into four tubes 1 c.c. 
of serum is placed, together with 0*3 c.c. of toludne to prevent 
decomposition ; 3 c.c. of water are th(‘n added "to each tube, 
, making the total volume 4 c.c. To two of the tubes 0*20 c.c. 
of ethyl butyrate is added, and all four tubes arc incubated 
for eighteen to twenty-four hours in an incubator at 27° C. 
At the end of this time the tubes are removed and a drop of 
azolitmin solution is added to each. The tubes containing 

N 

serum alone are alkaline, and are titrated with acid. 

The other tubes, in which the lipase will have produced 
butyric acid, are acid in reaction, and are consequently 

N 

titrated with alkali. The amount of lipolytic action is 

the sum of the amounts of acid and alkali used. Normally 
this is between 0-2 and 0*3 c.c. ; values above these figures, 
indicating increase of lipase, are said to point to derangement 
of hepatic function. 

Widal’s Test (21). — The Hmmoclasic Crisis.— That a meal 
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is followed by leucocytosis has been known for a very long 
time. Widal, working on various forms of protein and col- 
loidal shock, demonstrated that this reaction depended upon 
the functional integrity of the liver. In a person with 
a deranged hepatic function, a meal is followed either by a 
leucopenia, or by no rise in the count. This was made the 
basis of a test, which consists in making a white count before 
breakfast, and then giving 7 oz. of milk to drink. Counts 
arc then taken at intervals of twenty and forty minutes. 
Normally there is a leucocytosis up to + 3,000 per c.mm. at 
the end of twenty minutes, although, according to Wilson (22) 
this may be delayed until the forty minutes’ observation. 
Where the liver is damaged, however, the leucocyte count 
remains constant, or else falls. Wilson states that the 
hsemoelasic reaction is also positive in cases of asthma, 
epilepsy and certian infections. He also states that it yields 
positive information at a much earlier stage of liver damage 
than the other tests, with the possible exception of the laevu- 
lose tolerance test. A great deal of work has been done on 
this reaction, especially in France (Arloing and Langeron (23), 
Zehnter (24), Feinblatt (25), Erdmann (26) ). 

Investigation of the Globai. Capacity of the Liveb 

. TO eliminate Foreign Substances 

The Fhenoltetrachlorphthalein Test. — This test was de- 
vised by llowntree, Hurwitz and Bloomfield (27), who noted 
that this substance, wdien injected subcutaneously, escapes 
from the body exclusively via the biliary passages. Re- 
absorption from the large gut takes place to a slight extent, 
but, since the action of the substance itself is purgative, 
very little absorption occurs. By careful animal work, 
the originators of this test w^re able to prove that the 
excretion of the drug diminished in j)roportion to the amount 
of liver tissue damaged. From these various experiments 
they evolved the following test ; — 

2 ’5 g. of phenoltetrachlorphthalein arc weighed into a 
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flask containing 5 c.c. of 2N.NaOH and 45 c.c. of sterile 
water. This is boiled under a reflux condenser for twenty 
minutes, filtered, and the volume is made up to 50 c.c. A 5 % 
.solution results. This can be procured already made up, 
but the above authors recommend that it should be freshly 
prepared every few days. The night before the test the 
patient is given a purge, and on the following morning 8 c.c, 
of the solution are injected intravenously. The stools are 
collected for forty-eight hours after. It is essential tiiat the 
patient be purged throughout the test. The ficces are then 
shaken for twenty minutes with 1 to 1*5 litres of water, and 
one-tenth of the volume is decanted. Five c.c. of 40% 
NaOH are added, and the mixture turns a dtatU red colour. 
After thorough shaking 100 c.c^ are decanted iiito a 200 c.c. 
measuring flask containing 5 c.c. of saturated basic lead 
acetate solution. The colour disappears, and h bulky pre- 
cipitate settles to the bottom. Five c.c. of NaOH arc 
added, thus restoring the colour, and the voluni|e is made up 
to 200 c.c. The colour should not be decpcne<l;by the addi- 
ction of more NaOH, The solution is allowed to stand for a 
short while until the supernatant fluid is clear. In the mean- 
time a standard solution of the dye is j)repared by taking 
0*4 c.c. of the original 5% solution, adding suflicient 40% 
NaOH to produce a permanent colour, and making the volunle 
up to 1,000 c.c. A small portion of the clear supernatant 
fluid of the test is removed, and compared in a colorimeter 
with the standard. By calculation the percentage recovery 
of the dye can be determined. Any recovery below 80% is re- 
garded as pathological. Chesney, Marsliall and Rowntree (28) 
state that the test yields very satisfactory information in 
advance cirrhosis, cancer and syphilis affecting the liver. 

Several important papers liavc been piiblislicd upon the 
phenoltetrachlorphthalcin test sin<*c Rowntree and his co- 
workers evolved the method. An admirable summary of the 
recent advances can be found in a paper by Boardman and 
Schoonmaker, in 1924 (29). The main advances have con- 
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sisted in improvements and modification the original 
technique. Thus MacNeil (80), in 1916, suggested that the 
excretion by the liver might be judged by aspirating the 
duodenal contents through a tube. His method consists of 
in jecting 40 mg. of the dye intravenously into a patient with 
an Einhorn‘s duodenal tube in situ. Although difficulty was 
occasionally experienced in the aspiration of specimens, and 
in the detection of the first appearance of the dye in the pre* 
scnce of bile pigment, very satisfactory results were obtained 
by analysing a two hours’ specimen of duodenal contents. 

His results can be tabulated as follows : — 

Percentage out- 
Time of appear- put of dye at 

Case. ^ance o f dye in the end of two 

duodenal contents. hours, 
Nonnal . . . 12-25 minutes . . 10% 

Atrophic cirrhosis . . 28 -t5 „ . . 10% 

Extensive carcinomatosis 28-45 ,, .. 10% 

Since the percentage output at the end of two hours is the 
same in all cases, MacNeil concluded that only the time* 
interval elapsing between the injection and the appearance 
of the dye in the duodenal contents was of value. 

^ In 1921 Aaron, Beck and Schneider (81) simplified the 
above technique by modifying the method used in prepara- 
tion of the dye for injection, and also they stated that diffi- 
culties in aspiration could be overcome by giving 500 c.c. of 
cool water to drink prior to the injection. They employ 50 
mg. of phenoltetrachlorphthalcin injected intravenously. 
Their results were exactly similar to those of MacNeil. 

A further modification of the phenoltetrachlorphthalcin 
test has been described by Rosenthal (32), in which the 
excretion of the dye is judged by estimation of its rate of 
disappearance from the blood following intravenous injec- 
tion. The dye is obtained in ampoules, containing a solution 
of 5 mg. to 0 1 c.c., and 5 mg. of dye are injected intra- 
venously for each kg. of the patient’s body weight. The 



PSmOLTETEACHLOBPHTHALEIN TEST 139 


requisite nuiqberof ampoules is emptied into 25 to 300 c.c. 
of normal saline, which are infused into a vein. The needle 
is washed out into the vein with a few c.c. of saline to prevent 
local extravasation of the dye. Exactly a quarter of an 
hour after the injection has been given, the patient is bled 
with a diy needle into a dry centrifuge tube, and this process 
is repeated after an hour (from the time of injection). About 
5 c.c. of blood are collected at each vein puncture. The blood 
is allowed to clot, and after separation, the tubes are centri- 
fugated, and the clear serum is pipetted off. Haemolysis 
must be avoided at all costs, and this, in our experience, can 
only be done by leaving the clot to separate of its own accord. 
If the blood be stirred or interfered with in way, then 
haemolysis is almost bound to occur. The amount of dye 
present in each specimen of serum is now det^irtnined colori- 
metrically, matching against a standard. / j 

Method. — Preparation of the Standard, — 0’2 of the dye 

solution from the ampoules, which is 5%, atip containing 
10 mg., is diluted to 100 c.c. with distilled water. The colour 
developed by rendering this solution alkaline is taken as 
100%, and is reckoned as the colour which would have been 
given by the patient’s blood if no dye had been excreted. 
The following series of dilutions are set up : — 

Amount of “100% ” standard 

in c.c 2 0 1-5 10 0-5 0-2 

Amount of distilled water in c.c, 7*5 8,0 8*5 0*0 9*5 9*8 
Resulting dilution of standard 

in percentage . . . 25 20 15 10 5 

One drop of 5% NaOH is added to each tube. Tlie small 
test tubes of some type of (*om])arator should be used. That 
of Cole and Onslow is quite suitable for this test. 

The serum is divided between two test tubes of the same 
type as those containing the standard. To one add one drop 
of 5% NaOH, but leave the other untouched, unless the 
serum be tinted with haemoglobin, in which ease add 2 to 3 
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drops of hydrochloric acid. The alkaline serum^is matched in 
the comparator against the dilutions of the standard, whilst 
any colour due to the serum itself is controlled by super- 
imposing the second tube of serum on the standard in the 
usual manner. The particular dilution of the standard 
corresponding to the alkaline serum records the percentage of 
dye remaining unexcreted in the serum. 

Findings. — In normal persons, from 2% to 6% of dye 
remains in the circulation after 15 minutes, whilst at the end 
of an hour practically none remains. In hepatic disorders, 
there is an appreciable amount in the circulation at the end of 
an hour. Rosenthal also noted that the excretory power of 
the liver did not run parallel with the degree of icterus. 

Cholecystography 

To Graham (83) first belongs the credit for demonstrating 
the fact that the opacity to X-rays of some of the substances 
used for testing the global capacity of the liver could be 
employed as a clinical means of obtaining eholecystograms. 
He showed that intravenous injection of the sodium salt of® 
tetrabromphenolphthalein is relatively non-toxic, that this 
body is excreted almost exclusively by the liver into the bile, 
and provided that the ducts and gall-bladder are not 
obstructed the salt accumulates in them, thus rendering 
X-ray photography possible. 

Many derivatives were tested ; the calcium salts were 
found to be toxic and relatively insoluble (34), and further 
observations by Milliken and Whitaker (35) showed that the 
sodium^ salt of the tetraiodophenolphthalein, although no 
more toxic when in a state of great purity, is more opaque to 
the X-rays, so that a smaller dose is required. Graham (36) 
and Carman (37) found that the iodo-salt, when specially 
purified, is actually less toxic than the brom-preparation. 

Intravonous Injection. — Graham’s technique is as follows ; 
The patient has his ordinary meals the day before the injec- 
tion. The injections are given early in the morning, between 



CHOLBCYSTOORAPH Y 


141 


7,80 and 9.80, No breakfast is taken, and no lunch except 
a glass of milk, if the patient be hungry. No protein 
is given in the evening meal on the day of the injection. 
Water may be drunk if required, during the dsLy, Five 
grams of the sodium salt of the tetrabromphenolphthalein 
are dissolved in 40 c.c. of triply distilled water, and the 
solution is boiled for 20 to 80 minutes. Twenty c.c. are 
injected intravenously very slowly, taking 5 to 7 minutes, 
followed half an hour later by the second 20 c.c. It is 
advisable to wash through the needle with a little normal 
saline, so as to prevent extravasation and consequent irrita- 
tion with the drug. Smaller quantities of the iOdo-salt are re- 
quired, usually about 3 g. for an adult, or 0*^8 g. per kg. 
body weight. Adrenalin solution, 1 in 1,000^; is kept handy 
in case of collapse. Occasionally nausea ]^d vomiting, 
accompanied by a marked fall in blood pressure, even down 
to 70 mm. Hg. systolic, have been recorded, bitt|the injection 
of 10 minims of the adrenalin solution restored the patient. 
If the preliminary injections of the sodium salt have been 
• given very slowly, it is stated that toxic symptoms are very 
rare. Carman (37) however, reports a series of 178 patients 
injected intravenously with the brom-salt, and thirty-two 
with the iodo-salt. In the former series reactions occurred 
in 50%, which were severe in 2% of the cases ; in the latter 
series, however, in which the iodo-salt was used, no reactions 
were observed. For the 48 hours following the injection, 
40 gr. of sodium bicarbonate should be taken every three 
hours, day and night, while the patient is awake. Radio- 
grams are taken at 4, 8, 24 and 32 liours after the injec- 
tion of the dye. The shadow normally increases in den- 
sity from 8 to 24 hours, whilst its size increases from the 
fourth to the eight hour, and then gradually diminishes. 
Absence of this alteration in size of the shadow indi- 
cates deficient distensibility and contractility of the gall 
bladder. 

Oral Adminisiraiioii. — In view of the frequency with which 
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toxic results have followed the intravenous administration 
of the tetrabromphenolphthalein salt, many workers are 
unwilling to use this route, although with the specially 
purified iodo-salt, as mentioned above, reactions are much 
less likely to occur. If the salt be given by mouth, there is 
very little, if any, risk of provoking a toxic reaction. Both 
brom-and iodo-salts have been used, and they can be given 
in gelatine capsules, coated with keratin. 

Carman (37) has reported a series of 800 cases in which he 
gave the brom-salt by mouth, in doses, varying according to 
the weight of the patient, of 4 to 7 g. Each capsule contains 
J to 1 g., and they are taken at intervals during the evening 
meal, a considerable amount of water being consumed. No 
food is eaten subsequently until all the photographs required 
have been taken. Slightly smaller doses of the iodo-salt are 
used. They are put up in capsules containing J g, (5 gr.), 
and the routine observed is as follows : The patient takes a 
light supper at 7 p.m., containing no ^t. At 10 p.m., when 
in bed, he swallows two capsules and \Vlishes them down with 
water. He takes two more capsules every quarter of an ' 
hour, drinking water freely all the time, until ten* capsules 
in all have been swallowed. He then lies on the right side 
and continues to drink water from time to time until he falls 
asleep. No aperient must be taken that evening. Nothing 
is taken next day by mouth until the afternoon. Radio- 
grams are made at 10 a.m., 11 a.m., and at 4 p.m. A cup of 
tea and a little thin bread and butter may then be eaten and 
another X-ray taken at 5 p.m. to see the effect of the meal 
upon the shadow. It may also be necessary to take a further 
radiogram at 10 a.m. the next morning. 

Before normal shadows can be obtained the following con- 
ditions must prevail : — 

1. The drug, if given by mouth, must be absorbed from 
the alimentary canal. 

2. It must be freely excreted by the liver, and, conse- 
quently, if there be severe cirrhosis this may be impossible. 
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0. The hepatic and cystic ducts must be patent, otherwise 
the gall-bladder will* not fill. 

4. The gall-bladder and bile ducts must be patent, 
or the dye will not be able either to cuter or to leave the 
gall-bladder. 

5. There must be no fistulous communication between the 
gall-bladder or other part of the biliary tract and any other 
viscus, for if so the drug will merely drain away. 

According to Carman and Counsellor (38) it is unwise, in 
view of the possible toxic effects, to perform the test if 
definite obstruction be knowm to exist. They i^Iso state that 
it is dangerous in cases of cardiac or vasculil^ disease. 

Results of the Test. — 1. A normal shado^ |of the gall- 
bladder may be obtained, showing first an ino^Js^^d and then 
a diminished density, and also an increase an® diminution in 
size. r I 

2. The shadow may be mottled. This m^yibe due to a 
variety of causes. Thus gall-stones may be which are 
more opaque to the rays than is the dye, ok* cholesterin 

• stones may be present which arc less opaque. Gas in the 
intestine, lying in front of the gall-bladder also produce 
a mottled effect, or a papilloma in the gall-bladder may affect 
the shadow. 

3. The contour of the shadow may be deformed owing fo 
inflammatory or other structural changes in the gall-Bladder. 

4. There may be delay in filling or emptying owing to a 
sluggishness in the hepatic excretion or to obstructive causes. 

5. A negative result may be obtained, no shadow being 
produced. In the case of intravenous administration this 
invariably implies a pathological comlition preventing the 
dye entering the gall-bladder. With the oral method, how- 
ever, more uncertainty exists, for there may be failure of 
absorption of the dye, and the capsules may even be seen by 
X-rays lying undissolved in the intestine. Provided that 
the capsules have been correctly taken, liave not been 
vomited, and the dye has been absorbed into the circulation. 
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failure to obtain a shadow usually indicates disease, which is 
most commonly due to obstruction of the cystic duct, often 
by a stone* 

In the accompanying plate (Fig. 4) a normal chblecysto- 
gram is shown, taken fourteen hours after the oral adminis- 
tration of sodium tetraiodophenolphthalein and an abnormal 
one (Fig. 5), taken twelve hours after intravenous injection 
of the dye, showing the gall-bladder filled with the dye, four 
cholesterin stones, and one cholesterin stone with a calcium 
nucleus. 

Investigation the Duodenal Contents 

Lyon (89) has evolved a method for investigating the 
biliary tract. By the procedure about to be described, it is 
possible to obtain specimens of bile for chemical and bac- 
teriological examination. The fasting patient swallows a 
duodenal tube, and, after half an hour, a small quantity of 
fluid is aspirated. If this be bile-stained and alkaline in 
reaction it is safe to conclude that the tip of the tube has * 
traversed the . pylorus. A syringeful of air is then blown 
into the duodenum, and a specimen of the contents are 
withdrawn for bacteriological examination. 50 or 100 c.c. 
of 25% magnesium sulphate solution are then injected into 
the duodenum. After five minutes, specimens of bile arc 
withdrawn. The test depends upon the fact that Meltzer (40) 
showed that the application of magnesium sulphate to the 
ampulla of Vatcr causes the gall-bladder to contract and 
empty itself. Lyon states that the first sample aspirated 
after the injection of magnesium sulphate solution should be 
of a transparent, golden-yellow colour, and is derived from 
the ducts. The second specimen is darker, more viscid, and 
consists of gall-bladder bile. The third is thin and watery, 
being derived from the liver. Bacteriological and cytological 
examinations of these fractions are said to yield information 
as to the condition of the various parts of the biliary tract. 
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It is only of use in the diagnosis of inflammatory and infective 
conditions. 

Ocmeiasions. — The description just given contains only 
the better known tests for hepatic function, and it must be 
realised that there are literally dozens left jinmentioned. 

From this it would appear all but impossible to draw 
any hard and fast conclusions as to the value of any par- 
ticular test, or to state that such and such a test is always 
reliable. 

At the outset, it is only fair to point out that the response 
of normal people to various experimental c<^itions lias by 
no means been carefully or fully worked out, it seems that 
a great many of the tests of function shoul4^^5t be tried on 
much larger groups of normal people. ; 

Taking the tests according to their gro^ii we have to 
consider first those depending upon tlie jiigm^iary functions 
of the liver. Tests in this group are used isibeiisivcly and 
yield very reliable results. They do not aliw|iiys, however, 
indicate early changes. MaeCormac and one of us (E. C. D.) 
(41) used Fouchet's test, and the urobilinogc;U and urobilin 
reactions for studying the hepatic changes in salvarsan treat- 
ment, and similar tests were used with Cornyns Berkeley and 
Walker (42), for the stiffly of liver function in eclampsia. In 
general hospital work they have been found very useful by 
most observers. It is difficult to estimate the exact* clinical 
\ alue of the v^an den Bergh reaction. 

Speaking of this test, Langdon Brown (4n), quoting 
Andrews, states : — 

“1. As a test of liver function it is very gross, being, how- 
ever, a little more sensitive than clinical evidence of jaundice. 
Thus several cases of cirrhosis gave normal results. 

“ 2. As an aid to diagnosis of tJie cause of jaundice, it is 
of very little value. A well-marked indirect reaction indi- 
cates catarrhal jaundice rather than stone. A direct reaction 
may mean either. 

“ 8* In ansemia an indirect reaction above normal indi- 
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cates a hsemolytic cause, probably pernicious rather than 
secondary. Tlie test is probably rather more reliable than 
examination for urobilinuria. 

“ 4. The estimation of bilirubin in blood-stained fluids 
(pleural, peritoneal, cerebro-spinal) can decide whether the 
bleeding is old or produced at the time of puncture. 

“ 5. With direct reactions above 3*5 units, bile will be 
present in the urine ; with direct reactions below this figure, 
and with indirect reactions, bile will be absent there. 

“ One must conclude, I fear, from this careful study, that 
in its present form the test is of very limited value. It will 
be noted that the lacvulose test has given more positive 
evidence than van den Bergh’s that catarrhal jaundice is 
often a hepatitis.” 

The second group includes the metabolic function tests. 
It would appear impossible to demonstrate fine ’hepatic 
lesions by metabolic changes, since the work of F. C. Mann 
has shown that four-fifths of an animars liver can be 
removed without causing any symptoms other than shock 
from tlie operation. If more of the liver be removed the 
animal has convulsions, as the result of hypoglycaemia, and 
can be instantly revived by the administration of glucose 
solutions. This, after all, is only the experimental confirma- 
tion of what IS frequently seen clinically. A liver may be 
riddled 'with secondary deposits of malignant growth, and 
yet the only symptom of deficiency in its function is jaundice. 
Both clinical and experimental evidcnc'e point to the re- 
markable powers of a badly damaged liver to carry on its 
normal functions, and, at the same time, to the impossi- 
bility of demonstrating fine hepatic lesions by means of tests 
depending on the metabolic functions of the liver. Possible 
exceptions to this rule would appear to be the laevulose 
tolerance tests and galactose. The majority of observers are 
agreed that this method is reliable, and yields valuable infor- 
mation (Spence and Brett (13), Tallerman (44) ). The third 
group of tests has never found extensive use in this country. 
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We have found that the camphor reaction is quite reliable, 
and that failure to evoke a response must be regarded as a 
very grave sign. Roger states that death usually supervenes 
in a period of one year — a statement with wliich we are in 
complete agreement. The blood iipase test in Group IV. has 
received much attention, yet it seems very inadvisable to 
place much reliance upon a test in which the technique of the 
estimation is so rough and admittedly inaccurate. 

Widats hsemoclasic reaction and the phenoltetrachlor- 
plithalein test are held to be quite reliable. 

Admittedly it is possible to state with rfebtivc surety, on 
the evidence supplied by these tests, that Acre is derange- 
ment of hepatic function, but, unfortunately, tit is impossible 
to state more. Cirrhosis, carcinoma, fatt^ |ln(iltration, all 
produce more or less the same picture, andfOTicc a diagnosis 
cannot be ventured on the results of hepatife Efficiency tests, 
they must be considered somewhat oJ* a f^lurc from the 
medical aspect. ? 
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CHAPTER VI 


THE STOHACH 

Investigation of the Gastric Function 

Apart from clinical study, the following methods are 
available for the investigation of the stomach : — 

Investigation of the response to test meals. 

One hour method (Ewald) (1). 

Fractional method (Rehfuss) (2). 

X-ray examination after an opaque meal. 

Test Meals 

Before commencing to describe these methods, it is essen- 
tial to realise the various factors controlling the composition 
of the gastric contents after the administration of a test meal. 
These may be summarised as follows : — 

The volume and nature of fluid in the stomach at the 
• time of giving the meal. 

Thfe volume and nature of the meal. 

The rate and amount of gastric and salivary sec*retion. 
The condition of the pylorus, with regard to : — 

(a) Passage of fluid from stomach to duodenum. 

(i) Regurgitation of fluid from duodenum to stomach. 

The composition of a specimen of gastric contents removed 
one hour after a test meal must depend on every one of these 
factors ; more especially does this hold if the free HCl and 
total acidity are used as criteria, since these are markedly 
affected by the alkaline regurgitation from the duodenum. 
As all these factors vary even in normal individuals, it would 
appear all but impossible to obtain anything like comparable 

ISO 
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results with a method employing examination at the end of 
one hour. Thus, at tiic time of giving the meal one man’s 
stomach may contain no resting juice whilst another’s may 
have as much as 200 c.c. This volume would produce an 
added effect upon the response to the test meal, so that, even 
though it were the same as the first man’s response, the com- 
position of the first hour’s specimen would be entirely dif» 
ferent. Any method, therefore, which aims at giving a true 
estimate of the gastric function must take into account all 
these factors. 

The two techniques will now be described^ and the relative 
value of their findings discussed. 

' f i 

Ewald’s Method (l) ; i 

The examination is conducted early in ,fe]|e morning, the 
patient having fasted from the liight lie|bre. The test 
meal, consisting of a pint of tea and a sm|tll piece (J oz.) 
of toast, is given at 0 a.m., and at 10 a.m, a gastric tube 
is passed, and as much fluid as possible is aspirated from 
the stomach. The volume is measured and the analysis is 
proceeded with. 


(Qualitative Analysis . 

General Appearance of the MeaL — Excessive butyilc odour, 
foul smell, colour, etc., are noted. A foul smelling, black- 
brown solution is strongly suggestive of carcinoma. The 
presence of blood, either fresh or in the form of “ coffee 
grounds,” should be looked for, but the possibility of these 
being actual coffee grounds, the result of a meal the night 
before, should be eliminated. The contents may also be 
examined microscopically — although the information yielded 
is seldom of great use. E wald also laid stress upon the volume 
of gastric contents recovered. Normally, about 60 c.c. can 
be aspirated. If the quantity be much greater than this it 
probably means that the pyloms is not functioning properly 
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and there is retention* If, on the other hand, only a very 
small quantity can be removed, there is evidence of a rapid 
emptying time. It is unwise, however, to put too much stress 
on this, since other factors, such as the amount pf gastric 
secretion, also vary the volume of the “ one hour specimen*” 
The contents are then filtered and the following tests are 
performed : — 

Test for Free HCl in Gastric Contents, — Place 2 drops of 
Giinzberg’s reagent in a porcelain dish. Evaporate to dry- 
ness on a bath or high over a flame without scorching. Add 
2 drops of filtered gastric contents and evaporate to dryness 
as before. If free HCl be present, a bright pink colour 
appears. Giinzberg’s reagent is made up from vanillin 
1 g., phlorogluein 2 g., alcohol 80 c.c., hnd should be freshly 
prepared. 

Test for Lactic Acid in Gastric Contents. — ^Uffelmann’s 
reagent (a purple solution obtained by mixing carbolic acid 
and ferric chloride solutions) is turned yellow by lactic and 
many other organic acids. Hydrochloric acid will render the 
reagent colourless. The test, however, is of little practical 
value. 

Test for Blood in Gastric Contents. — Scrape the solid off the 
paper used for filtration of contents, and suspend in about 
1 inch of water in a test tube, boil, cool under tap. Add 
about A* inch of glacial acetic acid and shake. Add about 
1 inch of ether and invert several times. If the ethereal 
layer do not separate, add water without shaking. In each 
of two test tubes place ^ c.c. alcoholic guaiacum solution 
and 2 c.c. of 8% hydrogen peroxide, and add to one of them 
the clear ether extract with a pipette. 

A blue colour with guaiacum and hydrogen peroxide is 
given not only by haemoglobin derivatives, but by oxidising 
enzymes, by salts of iron and copper, and by iodides ; the 
former are destroyed by boiling, the latter are insoluble 
in ether. Exactly the same technique can be used for the 
detection of blood in fieces. 
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Qmntiiaiive AnMysis 

Before proceeding with details of the analysis, it will be as 
well to refer to the type and distribution of acids in the 
gastric contents. The acidity is due to a mixture of hydro- 
chloric and certain organic acids, such as lactic and butyric 
acids. Since the juice contains proteins, a certain amount of 
buffering and adsorption of acid will take place. Some of the 
hydrochloric acid will be in a free, ionised form, whilst some 
will be adsorbed on to the proteins, with the result that its 
liydrogen ion concentration will be much loWcr than that of 
the free. The conditions usual in gastric igiDntcnts may be 
summarised as follows : — 

1. Free HCl — ionised, high hydrogen ion ^xhieentration. 

2. Adsorbed or protein HCl — lower hyd4>g<^‘a ion con- 
centration. ^ I 

3. Organic acids — lower hydrogen ion con(|eiit ration. 

4. Mineral chlorides — neutral bodies. \ 

The object of the Ewald meal is to estimate each of these. 
The free HCl is easily estimated by titration with standard 
alkali to the turning point of Toepfer’s reagent (jyll 4). This 
will include all the free HCl, which can be calculated as a })er- 
centage. If the juice be now treated with standard alkali 
until a pink colour with phcnolphthalein results (pH 7*9), 
the acid under headings 2 and 3 will have been neutralised. 
The total quantity of alkali added for both titrations will 
give the sum of the acidity due to Nos. 1, 2 and 3, which 
is known as the total acidity. No. 2 as a separate identity 
has yet to be determined. If we take the neutralised juice 
of the former experiment and evaporate and incinerate, 
salts will result, but all the HCl together with the existing 
chlorides will be retained in the form of chlorides. If these 
be estimated by Volhard’s method, the total chlorine content 
of the juice can be found. This is usually expressed in terms 
of HCl. If another quantity of juice be measured out, and, 
without any previous neutralisation, this be evaporated and 
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incinerated^ a mixture of inorganic salts will resrilt. The 
chloride content will represent No. 4, since all the HCl will 
have been volatilised oft. 

With the data now at our disposal, we can calculate the 
following values : — 

1. Free HCl, expressed as HCl %. 

2. Total chlorine, expressed as HCl %. 

8. Mineral chlorides, expressed as HCl %. 

N 

4. Total acidity, expressed as c.c, %. 

It can readily be seen that if No. 3 be subtracted from 
No. 2 the resulting value will represent the free and protein 
HCl — i.e., the sum of Nos. 1 and 2 of the original classifica- 
tion. This is known as the active HCl. If the free HCl 
content be subtracted from this figure, the protein HCl can 
be found. 

Into two silica dishes 10 c.c. of filtered contents are 
pipetted, and a drop of Toepfer’s reagent is added to one of 
them. This reagent is red in the range of hydrogen ion con- 
centration corresponding to free HCl. If there be no change 
of colour, except for the slight alteration in colour due to 
the reagent, it may be taken that no free HCl is present. 

N 

- - alkali is added from a burette until the colour changes 

10 * 

from red to yellow, when the volume of alkali used is noted. 
This indicates the amount of free HCl present. A drop of 
phenolphthalein is then added. No colour change results, 
since the hydrogen ion concentration is well below its turning 
point. More alkali is added until a faint pink colour is per- 
ceptible. The volume added represents the HCl adsorbed 
on to the proteins, together with such organic acids as lactic 
and butyric, the hydrogen ion concentration of which lies 
between j?H 8*9 and 7*9. The total volume of alkali added for 
both neutralisations represents the total acidity. One c,c. or 
so of alkali is then run in to ensure excess, and the dish, 
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togetha* with that containing the untitrated juice, is placed 
on a water bath and evaporated to dryness, after which both 
dishes are heated over a bunsen until the contents become 
incinerated. This process is continued until an incombustible 
residue is left. They are then set aside to cool, and the ash 
is extracted with a few c.c. of water. The specimen which 
. ^ N 

was neutralised by alkali previously to imdiieration has 


all the chloride present in the ash as metallic chloride. 
In the unneutralised specimen, however| the free and 
adsorbed HCl have been volatilised, and ^^l that remains 
in the ash is the chloride of the inettili present in the 
original gastric contents. This value ift known as the 
mineral chlorides. Five c.c. of pure acid, 20 c.c. 

'N ^ i 

of “■ silver nitrate solution, and 1 cM of saturated 

10 I 

aqueous iron alum are added to each. An Immediate pre- 
cipitate of silver chloride occurs. The excess |)f silver nitrate 

N 

solution is estimated by titration with potassium thio- 


cyanate solutioii until the appearance of a blood-red colour, 
due to the formation of ferric thiocyanate, indicates the end 
point. The amount of the thiocyanate solution run in •is 
then read. • 

Calculation. — This can be worked out from first principles 
or according to the following formula : — 

N 

Free HCl can be expressed as c.c. of %, i.e., amount of 
N . 

alkali in c.c. required to neutralise 10 c.c. of juice to 

Toepfer’s reagent, multiplied by 10. This may be converted 
into actual weight of HCl in grams per cent, by multiplying 
the above figures by 0*0865. 

N 

Total acidity is always expressed as c.c. of % and is 
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given by the sum of the above titration figure, and the 
amount of alkali run in to neutralise the juice to phenol- 
phthalein. This must be multiplied by 10 to give the 
percentage. 

Total chlorides, ex})ressed as HCl, are given by the following 
formula (20 — volume of thiocyanate added) X 0’0S65, This 
refers to the neutralised juice. 

Mineral chlorides, expressed as HCl, are given by a similar 
calculation from the observations on the unneutralised juice. 
Here the free and adsorbed HCl Jiave been volatilised during 
the incineration, leaving only the mineral chlorides. 

Active HCl is given by subtracting the percentage of 
mineral chlorides from the total chlorides. In addition to 
the free HCl, this includes the HCl adsorbed to protein in 
the juice. 

The following tabic shows the usual findings by this 
method : — 


Distribution of Chlorine, expressed as g. of HCl % 



Active. 

Mineral. ' 

Total. 

Volume of 

J uice. 

e 

1. Normal . 

free. 

'^10*05 protein. 

0-1 1 

j 

0-25 

30-60 c.c. 

2. Ulcer 

0-24 

01 1 

0-34 j 

80-60 c.e. 

3. Dyspepsia 

0*18 

01 

0-28 1 

50-70 c.c. 

4. Carcinoma 

0*05 

0*2 1 

1 

0-25 

i 

1 

40-70 c.c. 


Fractional Method {Rehfuss (2) ) 

The patient is given a light supper, preferably a glass of 
milk and a charcoal biscuit, the night before, and the examina- 
tion is conducted on the following morning before any 
further food or drink has been taken. The patient is made 
to swallow a modified Einhora’s tube, such as that Of Kyle, 
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which consists of b, rubber tube (about cathoter No, 8 dia- 
meter) free at one end, and terminated at the other by an 
expanded metat bulb. The type we usually employ is com- 
pletely covered with rubber and has two fairly large holes 
bored through the tube just above the bulb. The art of 
swallowing the tube should be carefully explained to the 
patient, who should take it in with his lips and be told to 
breathe freely through tlie nose. The most useful procedure 
is for the operator to swallow a tube himself in front of the 
patient in order to demonstrate the simplicity of the opera- 
tion. When this is done very few failures will be encoun- 
tered. After it has been swallowed up to a |h^rk on the tube 
indicating the depth of the fundus, the sti|ttliach is emptied 
by means of a Record syringe, aspiration, toeing continued 
until no more fluid can be removed. The Volume is noted, 
and the specimen is set aside. When the vdlilme is less than 
20 c.c. it is highly probable that the total fluid has not been 
r(?covered ; washing out with 20 c.c. of ta^ water will in 
many cases lead to a more complete evacuation. The injec- 
tion of a syringeful of air may also assist in the as])iratioii. 

The test meal is made by boiling two tables})oonsful of 
flue breakfast oatmeal in a quart of water until the total bulk 
is reduced to 1 pint ; the mixture is then strained through 
coarse muslin and may be flavoured with salt at w^ill. The 
resultant meal is more readily aspirated than is the •tea and 
bread meal, and its white colour enables the detection of bile 
or blood to be made easily ; these advantages outw^eight its 
less palatable character. 

One pint of this preparation is given to the patient to 
drink as soon as the resting juice has been remos ed, and 15 
e.c. specimens are then withdrawn every fifteen minutes for 
two and a half hours, or until nothing further can be aspirated. 
In the former case as much fluid as possible is aspirated and 
the tube withdrawn. Wlien difficulty is experienced in the 
aspiration it must be remembered that this may be due to 
the tube being occluded by solid particles ; these may be 
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dispelled by blowing a little air down from the syringe prior 
to aspiration, A further not infrequent cause of failure to 
aspirate is the tendency of a strongly-contracting stomach 
to seize the tube and block its apertures ; slight withdrawal 
or further swallowing of the tube will remedy this. 

The specimens are then examined very carefully for blood, 

CHART I 



Thi8*8hows the area within which fall the readings for free HCl in 
the majority of normal persons. There is a wide variation amongst 
normals, but the important fact is that, beginning with a fasting content 
of low acidity, the lirat specimen after a meal shows very low H Cl, and 
that ther€5 is then a gradual incrciase in concentration, rarely going above 
40, and tending to diminish in later stages. Total acidity is usually 
some 10 c.c. above the reading for free IKJII. The usual emptying time 
of the gruel meal is from one and a quarter to two and a quarter hours. 

bile and mucus. There sliould be no charcoal in the resting 
juice if the stomach be normal. Ten c.c. of each specimen, 
unfiltered, are pipetted off into a series of flasks, Toepfer’s 
reagent and phenolphthalein are added, and the “ free ” and 

N 

“ total ” acidity are estimated by titration with — alkali. 
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as described under the previous test. These are expressed 
N 

us c.c. £- %, and the results are plotted ia the form of a 

curve similar to the example printed above (Chart I). The 
Volhard procedure is not usually carried out in this investi- 
gation. The inorganic chlorides are therefore not estimated 
by this method. This is of great importance, for, as lloldy- 
reff (3) first showed in animals and Bolton and GoodJiart (4) 
subsequently demonstrated in man, when the acidity in the 
stomach reaches a certain level during digestion, the pylorus 
relaxes and alkaline fluid regurgitates frolic the duodenum 
to neutralise it. The acidity, as detcrminedt'by the titration 
method, does not therefore represent th^ ^^iount of HCl 
secreted, and the curves usually charted the result of 
fractional gastric analysis arc not in i^apity secretory 
curves. The chart and accompanying rem^rfs were kindly 
i)rovided for us by Dr. T. Izod Bennett (.'>). | 

It shows the area within which fall the reidings for free 
HCI in the majority of normal persons. There is a wide 
variation amongst normals, but the important fact is that, 
beginning with a fasting content of low acidity, the first 
specimen after a meal shows very low HCl, and there is then 
a gradual increase in concentration, rarely going above 40, 
and tending to dimmish in later stages. Total acidity is 
usually some 10 c.c. above the reading for free HCf. The 
usual emptying time of the gruel meal is from one and a 
quarter to two and a quarter hours, as dcterinined by tests 
for starch. 

The fall in acidity in the later specimens has been found to 
be due rather to neutralisation of the acid by alkaline secre- 
tion from the pyloric mucosa and to regurgitation, than to 
diminution in the secretion (Bolton and Goodhart (4) and 
Baird, Campbell and Hern (6) The fall is frequently 
heralded by the appearance of bile in the contents. 

The volume of resting juice was found to vary markedly 
in normal people. Thus Bennett and Ryle (7) found that out 



160 


THE STOMACH 


of twenty-nine students the volume varied between 10 c.c. 
and 150 c.c., with an average of 54 c.e. The volume of fluid 
removed at the end of the examination varies mainly with 


CHART 11 



RErOKT 


“ Fasting Stomach oontaina .‘M) c.c. of juice, slightly bile-stainod, no 
* food-remnants or charcoal, free HCl in liigh concentration. 

“ Lgter Specimens. Acidifi/. - Free HCI climbs stoadily to a concen- 
tration considerably above the normal average. Total acid of corre- 
sponding height. 

“ Bile absent. Blood absent. Murns normal. 

“ M olility . — Starch of meaJ passes out of stomacli in one and a quarter 
hours, rather rapid. 

“ Candvsion.—The picture is highly suggestive of juxta-pyloric • « 
ulcer.” 

This conclusion was confirmed by operation. 


the eflleiency of emptying of the stomach. Thus in normal 
people little or no fluid can be removed, whilst in cases of 
pyloric obstruction, 200 c.c. and over may be obtained. 

The interpretation of th£ curves depends upon the following 
factors : 

The Quantity and Character of the Resting Juice, — Does 
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this show signs of stagnation, such as a large volume, foul 
odoiir, presence of charcoal, and altered blood ? Pus should 
be looked for, both by naked eye and niieroscopic examina- 


CHART m 



Repokt 

Faslivq iSfnrnach coiitaiiK^d 70 c.c. of fluid, trace of hde, charcoal 
and bismuth from prtnious day, mo<Jcrat<‘ free HfJI, total acid rather’ 
hiRh. , 

“ Ixiler Specimens Acidity , — Free HCI climbs to a continued plateau 
of moderate coneeritration, total acid proportionally rather hijrh. 

“ Bite preHont in traces in later specirm*Ms, 

“ Bhtod absent. Mucus normal. 

“ MMity.— As much as 1 70 e.c., rwitainin^ much j^ruel, were present 
three and a (quarter hours after the meal. 

“ (7onr/'<wi/on. — Thei*e is obvious pyloric obstruction, the presences of 
increasing concentration of free HCI andabsemse of blood point to this 
being due to a cicatrising gastric ulcer.*’ 

TSs conclusion wa« confirmed by operation. 

tioii. The character and composition of this juice is, jierhaps, 
the most important part of the examination. 

As Izod Bennett (8) has emphasised, it is by the character 
of the resting juice that carcinoma can be diagnosed. 


B.A.U. 


11 
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In this ooudition the volume is usuajly high, the free HCl 
absent or very low. The total acidity is not infrequently 
N 

fnnn 10 to 25 e.e. — % higher than the free HCl, and con- 

CHART IV 



Rei’out 

‘ FoMing Stomach contains 40 c.c. of fluid, much mucus, charcoal 
from pfevions night, altered blood. Foul-smelling. No free HCl, total 
acid H'latively high. 

“ Later Sped men. 'i. Acidity. -~¥n^o HCl and total acid rather above 
average (xiniientration. 

absent. normal, /f/oorf abundant in last specimen. 

“ Motilily . — ^Meal leavcsS stomach rather rapidly. 

Cimehmon, — The character of the fasting stomach contemt is 
diagnostic of carcinoma. Later specimens show little abnormality.” 

OlKiratiori confirmed this ; this patient was only twenty-two years old. 

sists mainly of organic a(‘ids, such as lactic and butyric. By 
far the most imj.K)rtaiit point, however, is the foulness. There 
is abundant evidence of stagnation, as shown by the preseiu'e 
of altered blood and charcoal. 

The Type of Curve , — The normal curve has been indicated 
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in Chart I., but it must be realised that normal stomachs give 
widely varying curves, both from the point of view of empty- 
ing time and height of secrctioti. A series of curves 
typical of the various gastric disorders eoininonly cncouii- 

CHART V 



Kepokt , 

“ FaMhig Ffomaeh ctmtaitis a few c.e. imly of juice, trace of bile, no 
free HOI, total acid very low. 

hder Specimens, Acidity . — HCI complctt'ly alisi^nt, total aindity 
also very low. 

“ Bile in last spcoinienn. Mucus absent. Blood absent. 

“ Motility, —M qclI has ilisappeared in thrc'c-tjuarters of an hour, juico 
extracted with difficulty afterwards. 

“ ConcluMum . — CompJoto achlorhydria, a typical pictun* of benign 
Achylia Gastrica.” 

tcred is inebidcd. These were supjilied by Dr. T. Izod 
Bennett (5), and his comments upon them are ineluded. 
(Charts II, III, IV, V and VI.) 

Conclusions. — Firstly, with reg^ard to the Ewald fncnl, it 
becomes obvious that it is impossible to judge the condition 
of the stomach from a single hour examination. The 

11—3 
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reasons for this statement are found in the introductory 
remarks. If only one specimen can be collected, it is far 
better to examine the resting juice. This method is employed 
extefisively in France. From a qualitative and quantitative 
examination, evidence of retention, hypersecretion and 
bleeding can be obtained. An examination of the resting 

CHART VI 



'* Gastric Analysis. 

Repobt 

“ Fasting Stomach contains 40 c.c. of foul dark-coloured juit'e. This, 
together with the absence of free HCl and tlic relatively high total 
acidity, indicates carcinoma.” 

This diagnosis was subsequently confirmed at operation. 

juice is of the greatest importance in the diagnosis of gastric 
carcinoma. At the time of its introduction, the fractional 
metliod was regarded us being ideal, and as overcoming all 
the fallacies and difficulties of the earlier methods. Experi- 
ence has proved, however, that it is far from infallible. Altera- 
tions of the noi-mal curves by pathological factors consist 
mainly in modifying the physiological ones. Thus there is in 
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reality no new factor added, the disease merely modifying 
and distorting the normal series of events. There is no 
evidence that gastric ulceration is inevitably attended by 
hypersecretion. The typical climbing curve is best explained 
on the ground that an ulcer in the region of tlie pylorus pro- 
duces spasm, with the result that the meal is lield longer in 
the stomach and alkaline regurgitation is absent. Further, the 
lengthy contact of food with the gastric mucosa })rolongs the 
stimulation for the secret ion of acid. This is borne out by the 
fact that this type of curve is usually given in cases of juxta- 
pyloric ulcer, and very seldom in ul(‘ers bigh up the lesser 
curvature. From this it can be seen tbat^he ul(‘cr does not 
produce the climbing curve merely becaujsi4 it is an ulcer, but 
because it produces pylorospasm. The pi^sgSenee of partially 
decomposed blood strongly indicates organi(‘ lesion. 
Bright red blood is usually traumatic, an4 ihe possibility of 
bleeding from spongy gums must always bf excluded. 

The factors tending to influence the eoncintration of HC1 
ill tlie stomach are the following : — 

(a) Those favouring an increase in the HFl concentration : 
gastric and duodenal ulcer, gastric crisis of tabes, the 
hypersthenic gastric diathesis and rellex causes, sut*h 
as cholecystitis and a])pendiritis, gastric, liyper- 
secretion (Reiclimaim’s disease), and chlorosis. 

(h) Those favouring a decrease in the HFl concentration : 
gastric carcinoma, })cruieious and severe secondary 
aruvmias, and atonic dysj)epsia. 

The 77iain utility of the fractional test meal may he stimmarised 
as follows : — 

Examination of the pyloric function. 

Diagnosis of juxta -pyloric ulcers and obstruction. 
Diagnosis of carcinoma, and investigation of cases of 
achlorhydria. 

The possibility of variation in the curve of an individual 
from time to time has been urged as a criticism against this 
method. Bennett and Kyle (7) state that in the re-examina- 



166 


THE STOMACH 


tion of some of their cases the curve appeared to be remark- 
ably constant, although they were aware that this was not 
always the (*ase. Lion, Bartle and Ellison (9) state that great 
variations in the type of curve may be observed in the same 
individual examined at various times under the same condi- 
tions. It seems very doubtful, however, whether these 
altcTatimis are of the type that would definitely simulate 
pathological eurves, such as those shown in the charts. 

In duodenal ulcer, very little may be shown on the curve, 
unless the ease be at the “ hurry ” stage, when a high con- 
centration of acid, together with a rapid emptying time, will 
he shewn. The fractional test meal is essentially a clinical 
test and should be done at the bedside by an exjierieneed 
person. It is not going too far to state that almost as much 
can lie learnt from the manner in which the specimens are 
withdrawn, and their naked-eye apyiearance, as from the 
quantitative analysis. 

The Detection of Blood in Faeces 

Tlic importance of testing the tirres for blood should never 
be lost sight of. Provided that th(' patient has been on a 
meat tind ehloro])hyl-frec diet for tim e days jirior to the test, 
a })ositive reaction, taken in conjunction with clinical and 
test meal iindings, points strongly to an organic lesion of th(‘ 
stomacii or duodenum. If a negative result be obtained, a, 
scries of further tests should be performed before the absence 
of blood can be definitely d(‘iermined. 

Benzidine Reaction. — A thin faecal suspension is made, 
using about 5 e.e. of distilled water. It is boiled to inactivate 
oxidising enzymes. To 2 e.e. of a satni'ated wsolution of 
benzidine in glacial acetic acid S c.c. of 3% hydrogen peroxide 
rind 2 or 3 drops of the cooled fa‘cal suspension are added. A 
(‘lear blue colour develops within one or two minutes in the 
j>resence of blood. If the mixture be not shaken a blue ring 
will form at the top. The latter is suitable for the detection 
of small traces of blood. 
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Gmicu'Mm Test — This has alreaciy been described on 
]). 152. 

X*-ray Examination 

Examination of the stomaeli and of the duodenum by 
means of the X-rays aft(‘r the in^>estion of an opaque meal is a 
useful adjunct in the differential diagnosis of ulcers of these 
organs. 

Investigations should be made both under the screen and 
with photographs. The opaque meal used in the serei*n 
(‘Xamination usually consists of U oz. of barium sut])hate in 
half a pint of milk. By this means the shape of the stomach 
and its filling properties can be investigatt'd. 

The motor power and rate of stomWi emptying ar(' 
better studied with a more solid meal,, spch as porridge, 
or bread and milk containing barium? lulphate. There 
should be no residue of such a meal in tke stomach after 
six hours. ; 

Persistent deformity in the outline of the stomach or 
duodenum is the most reliable evidence in the X-ray diag- 
nosis of ulcer. Thus in gastric ulcer the barium may be seen 
tilling a niche in the wall of the stomach, or there may be a 
definite organic hour-glass appearance. In tlie duodentnn 
a ])ersistcnt alteration in the shape of the <luodenal cap may 
be seen. The X-ray examination will also reveal pyloric 
obstruction. 

Variations in tone or in the ])osition of the stoma(*h are 
not diagnostic of ulceration. Subsetpient examination after 
the administration of belladonna is of value in distinguishing 
between constriction of the stomach diu‘ to spasm and that 
due to cicatrisation. 

PlUNCICLKS OF TuKATMENT OF GaSTKIC’ ANU 1)(^0I)ENAL 

Ulceus 

V'arious modifications in the treatment of ulcers of the 
stomach and duodenum have been introduced during recent 
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years. From the practical point of view the subject can be 
considered under the following headings : — 

The treatment of ha:matemesis due to gastric or duodenal 
ulceration. 

Tlie medical treatment of ulcers not at the lime compli- 
cated by hicmorrhage. 

Tlie indications for surgical treatment of gastric and 
duodenal ulcers. 

Haematemesis. — The immediate treatment of acute htema- 
t emesis due to gastric or duodenal ulceration is almost 
invariably medical. This has been emphasised at a dis- 
cussion at the Royal Society of Medicine, at which Pater- 
SOT! (10) pointed out that the probable mortality figures arc 
as follows : Not more than one in nine eases treated medi- 
cally will die, whereas one in three eases treated by immediate 
operation will probably die. The surgeon should not, there- 
fore, be called in as a routine measure in such a ease, but, 
despite these figures, there seems little doubt tliat there are 
some eases, such as those in which a thickened artery is 
opened at the base of an ulcer, in which bleeding can only 
Ik; cheeked by sui'gical means. 

Medical treatment consists in : {a) The patient is put to 
bed and kept at absohite rest ; (/>) The immediate injection 
of I gr. mor})hiiie in an adult. Willeox (11) has iTttered a 
word of warning in this respect. If‘ there be any doubt, as to 
the nature of the hicmorrhage it is better to withhold the 
morphine, or, at any rate, to giv(* it in minute doses, for in 
eases of cirrhosis of the liver, in whicli the detoxicating power 
of the liver may be diminished, -J gr. of morphine may be 
snfFieient to cause death. The morphine assists to control 
the hicmorrhage by diminishing the peristaltic* movements 
of the stomach ; (e) No food must be given by the mouth 
for at least two to four days. The toilet of the mouth must 
be carefully attended to, and the mouth may be riiivsed out 
from time to time with water. Ice should not be given to the 
patient to suck. The bowels should be opened by an enema, 
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and rectal salines contaii\ing 2% glucose given in amounts 
of n to 8 oz. every four hours ; {d) An intramuscular injec- 
tion of 1 gr. calcium chloride dissolved in 109 m. of distilled 
water should be given into the buttock (Willcjox) to increase 
the coagulability of tlie blood ; (c) The (jnestion of blood 
transfusion is somewhat debatable. Unless there is great 
collapse from loss of blood it is better avoided, as it tends 
to increase the circulation through the bleeding area. How- 
ever, in very severe cases it may save life. 

Other methods wdiieli have been rc‘eommended, but wdiieh 
are of more doubtful value, iu(*lude the ap^ication of an i(*e 
bag to the epigastrium, the subcutaneous i|^|ec‘tion of 40 (*.c. 
of 10% solution of sterile gelatine daily, rectal injec- 

tion of hot water at 120" to 180"’ F. (J^t^ic lavage with 
warm water, if the laemorrhage and vom|fc|rig persist, is a 
procedure whi(*h may be accompanied l)y fflsks and which 
we cannot recommend. I; 

After ])eriods of two to four days, when t|ic bleeding has 
hceti arrested, as judged by absence of lacrnatcm(*sis and by 
the general condition of the patient, alkalies should be 
administered, together with drugs directed to the diminution 
of gastric secretion. At the same time small feeds of milk 
(8 to 5 oz.), which may ])e ]>eptonis(*d, eoiitaining 2 dr. 
of ernulsio mag. oxid. to 4 oz. of milk should be given 
every four liours. Tincture of Ix^lladorjna fm. x — xv) and 
olive* oil ( J oz.) should be given alternately b(‘fore the feeds. 

The medical treatment after tJie lijcinorrhage stops is as 
ibr the treatment of ulcer nol e()m))lieate(l by hamorrhage, 
wbi(*h will now be considered, but in (‘very ease that has 
recovered from a haomatemesis the advisability of subse- 
quent surgical interference must bo determined. This will 
be referred to under the third heading. 

An alternative form of treatment is to start the patient 
on the Lenhartz diet, as detailed below, wliile the bleeding 
is still occurring. This appears physiologically to be an 
unsound procedure. 
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The Ifedical Treatment of Ulcers not Comt^licated by 

Haemorrliage* — The treatment of acute ulcers will first lx 
considered. There are three main methods. 

The older method^ with which the name of Leube (12) is asso 
ciated, and which was generally in vogue ten or fifteen years 
ago. This consisted in first giving as much rest to the stomach 
as was consequent on withholding all food, and by attempting 
to supply nutriment in the form of rectal injections. 

This method has many objections. The patient suffers a 
good deal from Ininger and thirst, cmly very small quantiti(‘s 
of water being allo\v(‘d by the mouth. The so-(»alled “ nutrieni 
enemata ” are not in reality nutrient Tlic patient becomes 
very weak, ancxniic and debilitated, and has little chanee of 
resisting infection and of reforming hicmoglobin. The gastric 
secretions also are not neutralised. This method of com]>letc 
mouth starvation is now rarely adopted, and a fluid diet, 
consisting of milk and eggs, together with tlic administration 
of drugs to diminish and neutralise gastric st'cretion, is often 
used. Thus Hale- White (13) recommends, in the treatment 
of acute ulcers, that 7 k oz. of milk and eggs (two eggs to a 
pint) should be given every two hours while the })atient is 
awake, and that olive oil and belladonna siKnild be adminis- 
tered, together with sodium bicarbonate and bismuth ear- 
boiiate. A gradual return is made to a normal diet after four 
to live weeks of this treatment. 

The Lenhartz Treaitnent , — This was introduced by Lcii- 
hartz (14) in 190t, with the idea of rapidly giving tiic patient 
a diet of adequate calorie value, whicli will enable him the 
better to combat the anaania and debility consequent upon 
a hamorrhage. The diet is rich in ))rotein, which should 
combine witli the HCl ol’ the gastric* secretion. TJiere is no 
preliminary period of starvation, and the stomach is not 
distended with large (piantitios of food. Small feeds arc given 
frequently and the food is all iced. On the first day the 
caloric vahie of the diet is about 300, and at the end of a 
fortnight it has been raised to over 3,000. 
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The actual dietary, as originally described % Leiihartz, is 
oi>'en in the table on p. 172. * 

This has been modified by Lambert (15) to suit the Ameri- 
( an palate, the raw ham being omitted and substituted by 
;ni equal amount of ('ooked chopped chickeii, and after the 
eleventh day various (*ereals are given instead of iicc\ and 
(•ho]>ped beefsteak and chicken may be taken instead of raw 
beef. 

At St. Bartholomew’s Hospital a still further inodific^ation 
is used by Langdon Brown (KJ). Plasmon is substituted for 
tlie meat, and the number of eggs is mitfeerially reduced 
during the second week, whereas pound(‘d fish is added. 

The details of the administration of the Siliove dietary, as 
modified b}^ Lambert, are as follows : — t . 

Tlic fresh milk and the raw eggs, hcateu u|>^dioIe, arc iced. 
The eggs and milk are ke])t in (‘overed glfsl tumblers sur- 
rounded by ice. The spoon is iced. The feugar which is 
added on the third day is mixed with the eggi. The patient 
must not be allowed to feed himself for a fortnight and must 
cat slowly and masticate well. The feeds are gradually in- 
creased in size, beginning with 0 dr. (1 of milk and 2 of egg), 
twelve feeds in the twenty-four hours. The size of the feed 
is gradually increased u]) to C oz. milk and J oz. raw egg, and 
the interval increased to two hours after the eleventh da\\ 
An enema should be given every alternate day if lu'cessary, 
and if tlie ]iatient eoinplaiu of thirst half a pint of warm 
saline ])er rt*etuin may be given twice a day. 

The mouth should be washed out before and after feeds 
with sodium bi(;arbonate solution. 

If there be bleeding bismuth subnitratc rtiay be given, and 
during the second week iron can be administered by the 
mouth. 

Personal ex])erienee lias taught us tliat this form of treat- 
ment yields good results and is also ajiprcciated by the 
patient. The chief objection is that the excess of protein 
may increase the gastric secretion. 
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Tlw Sippy Treatment— Sippy (17), of Chicago, introduced 
this treatment in 1915. Its object is to protect the ulcer 
from hydrochloric acid. This is accomplished by giving 
large doses of alkalies after, and of belladonna before the 
feeds, and by using as the basis of the diet milk and cream. 

Sippy advised that 3 oz. of a mixture of milk and cream 
should be given every hour from 7 a.m. to 7 p.in. After two 
to tliree days softly-cooked eggs and well-cooked cereals can 
be gradually added, so that after about ten days the patient 
is taking 86 oz. of milk and cream mixture, three eggs and 
9 02 . of cooked cereals a day. Not more than G oz. of food 
must be given at any one feed. CustardSjjjScreams and v(;ge- 
table pur(^‘es may also be used. 

Half an hour after each feed a powder i^itaiuing 

Sod. bicarb,, gr. x. 

Magnes. pond., gr, x. is given, alternately with a powder 
of 

Bismuth, carb., gr. x. 

Sod, bicarb,, gr. x — xx. 

If there be any pyloric obstruction the stomach is emptied 
at night by a Sonoran’s evacuator. 

The Sippy treatment has been warmly advocated in Eng- 
. land by Hurst (18). According to the Hurst the 

patient receives 5 oz. of milk every hour from 7 a.m. to 8 p.nl. 
inclusive. Each feed of milk contains 10 gr. of sodium Vitrate 
and 2 dr. of emulsio magnesia^ (B.P, Codex), whicli is eijuiva- 
lent to 10 gr. of magnesium oxide. C'ereals such as arrow- 
root or semolina may be substituted I’or some of the feeds, or 
junket or custard may be used. The milk may be llavoured 
with cocoa, tea or coffee. Gastric secretion is inhibited by 
giving half an ounce of olive oil immediately before alternate 
feeds, and 5 m. of tincture of belladonna immediately before 
the other feeds. Alkalisation is further effected by the 
administration of powders containing bismuth carb., gr. xxx., 
and creta preparata, gr. x., half an hour after every feed. 
This is given with a little water. These powders are also 
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repeated at 9, 9.80 and 10 p.m. At 11 p.m. a stomach tube 
attached to a Senorari’s evacuator is passed, and the stomach 
emptied. 11' more than 2 oz. of fhiid be present, this is repeated 
every night, and if more than half a pint of fluid be removed 
the stomach is again emptied at 1 a.m. At 6 a.m. a large 
amount of bismuth oxycarbonatc (gr. 2U)) is given in half a 
pint of water, and the patient lies on the right side for lialf 
an hour. Full details of this method of treatment can be 
obtained in Price’s Text Book of the Practice of Medicine ” 
(18). It is usually necessary to eontinne it for at least three 
weeks. Sippy reports very good results from his treatment. 
He says that pyloric spasm, eausing a twenty-four hour 
gastric retention, disappears at once, and more severe grades 
of obstruction in which there is not actual cicatricial con- 
traction arc soon relieved. 

Although this form of treatment is rej^oi’ted as yielding 
very good results, our ex])erienee has sliown that it is a 
method whi(‘h is often resented by patients and nursing staff 
alike. It also demands a considerable amount of medical 
supervision. It will be seen that in a se\ ere ease the hours 
during which the patient is allowed to be at peace and 
endeavour to sleep are between about l.SO and 0.80 a.m. 
From then onwards there is hardly a minute in which he is 
riot taking either medicine or food. Apart from these prac- 
tical objections, there are certain theoretical reasons wliieh 
Bolton (19) has adduced against this form of treatment. 
They are {a) “ That the gastric juice is put out of action and 
digestion stopped.” {h) “ That this amount of neutralisation 
is unnecessary since free HCl below 0T% does no material 
damage, certainly not sullieient to delay the healing of an 
ulcer.” Further, toxic symptoms may be caused by the largo 
doses of alkali. 

Whatever form of treatment be adopted, it is important 
that, as soon as the patient is in a lit state, a search should be 
made for any [)ossible focus of infection, which should be 
eradicated when found. This is a proceeding similar to that 
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which has to be adopted in the treatment of diabetes 
mellitus. The teeth should be X-rayed, the iiose and sinuses 
examined, and pyorrhijca should be treated, A search for 
signs of appendicitis or infection of the gHlM)ladder or 
urino-genital tract should also be made. 

The Medical Treatment of Chronic Ulcers^- This is in all 
essentials similar to that detailed above for acute uleeration 
of the stomach or duod(‘num ; in fact, apart from the history 
of the duration of the ease, it is ditlieult to distinguish between 
the two conditions. 

One additional form of treatment that has been recom- 
mended consists in the passage of a duod^ial tube. Tliis is 
kept in situ for ten to fourteen days and:%he })atient is fed 
through it. At the same time alkalies anil bismuth may be 
given by tJie mouth to neutralist* the dte^naeh contents. 
Smoking ap})ears to have a deleterious eff#c|: and should be 
discontinued. ^ 

The Indications for Surgical Treatment.-^ While, on the 
one hand, it is clear that in et*rlain circuniKtanees medical 
measures are of no avail in the treatment of gastric and 
duodenal ulcers, yet patients are fretpiently seen who have 
had operations lor these conditions and who have received 
no })ennanent benefit. Indeed, their last state is not infre- 
(juently worse than their first. It is, therefore, jirofitable t5 
(‘Tideavour to form an opinion as to what constitute the 
indications for surgical treatment. Jn this way })atients 
should derive tlie maximum benefit possible, and not be 
subj(*eted to operations wiiieb either ghe no relief or ai'g 
followed l>y only a temiiorary amelioration of the sym})toms.. 

The following are the chief iridieatiuns i‘or operation : — 

Surgical treatment is imperative in eases of perforation or 
of perigastric abscess. 

Surgical treatment should Ik* advised in eases of recur- 
I'ent luemorrhage whieli is not controlled by strict medical 
treatment. 

Surgical treatment may be required in primary htemor- 
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rbage in elderly people, whose vessels ate sclerosed and blocMl 
pressure raised, and in whom the haemorrhage is not checked 
by medical treatment. It is rarely, if ever, required in 
primary lucmorrhage under other circumstances. 

Ulcers associated with organic pyloric obstruction should 
be operated ujion, a gastro-enterostorny being perfonned. 
Sucli t;ases will not improve with medical treatment. 

Recurrent gastric ulcers may require operation. This is 
Ifirgely determined by the patient’s age and social status. 
If it be necessary for the patient to work and earn his living, 
and if he be young, an operation, such as excision of the 
ulcer, may be ec'onoinical as a rapid means of getting rid of 
the trouble. 

Organic^ hour-glass constriction, causing a constantly 
recurring delay in emptying of the proximal segment, is an 
indication for operative treatment. 

It will be noticed that throughout this section gastric and 
duodenal ulcers have been considered together, as if their 
treatment were the same. Duodenal ulcers arc of much more 
frequent occurrence, and arc more easy to diagnose. The 
alkali treatment is uiKiuestionably beneficial for duodenal 
ulcers ; whether it is so for gastric ulcers is a matter of some 
doubt. 
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CHAPTER VII 


BASAL METABOLISM 

It is Imrd to ronvey the meaning of the term ‘'basal 
incta holism '' in a few words. Metabolism means the tissue 
utilisation of food substances, and, since all these processes 
involve mainly oxidation, metabolism can he regarded as a 
process of slow^ combustion. Since combustion is attended 
with exothermic chemical reactions, it is })ossible to measure 
the combustion, /.c.. metabolism, by the amount of heat 
given out ; again, since combustion is attended with the 
lixation of oxygen and liberation of COg, this process can be 
measured cither by the oxygen consumption or by tlic COg 
e\’oluticm. We have, therefore, two methods of measuring 
metabolism, either by the heat given out by the body or by 
the gaseous exehange in a given time. 

The activities of the body can be restricted to such an 
extent that only the vital systems are at work. This condi- 
tion of complete physical rest can be obtained by starving a 
})erson for twenty-four liours and keeping liim in bed at 
complete^ mental and physical relaxation. FiXogenous meta- 
bolism will be abolished and just suflieieiit energy will be 
expended by the body to keep the individual alive. The 
nudabolism ol* sueli a patient is said to be “ basal.” Basal 
metabolism, is, therefore, the energy expenditure of an individual 
at complete physical and mental rest. It can be recorded in a 
number of w^ays, none of which, however, is particmlarly 
straightforward. It caTinot be expressed as calories given 
out i)er hour, or as e.o. of oxygen used per hour by an indi- 
vidual, since results so expressed would not be comparable 
(Hxe with another. The surface urea of the |>ersQU plays a 

17 & 
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very important part in basal metabolic determination. This 
depends ultimately upon the fact that the smaller ilie weiglit 
tlie greater the area proportionately, and hence the mass 
of tissue will have to work at a greater rate to keep the area 
at a constant temperature. Thus it is well known tliat the 
smaller the animal the higher its metabolic rate. Again, tlic 
greater the area the more energy there is rcxjuircd to main- 
tain it at a constant temperature. 

From what has been said it can be seen that it would he 
incorrect to work out the basal metabolic rate' per kilogram. 
It is usually expressed per scpiare metre of body surface, 
either in calories or in c.e. of oxygen per unit of time. I’he 
age and sex of the patient also ha\ c a li^^aring u])on the 
metabolic* rate, and, consequently, hava^ feojbe allowed for. 
When the metabolism has becJi measured, ;:t|ie correct basal 
metabolism for a normal individual of that? age and sex is 
looked up in a tabic, and the patient's resul| is expressed as 
a percentage increase or decrease, as the ctisd may be. 


ok Dkthkminatio?^ 

These fall under two main headings — 

Calorimetric. 

Gasometrie, which can be further sub-divided into 
two groups — 

(a) Closed methods. 
ih) Open methods. 

Preparation of the Patient. — Preliminary treatment of the 
patient is necessary in order to ensun* that he is at perfect 
physical and mental rest at the time of the observation. 
Thus exogenous metabolism and glandular secretions are 
reduced to a minimum by a previous sixteen to twenty -four 
hours’ starvation. The patient is not allowed to read or 
talk, since these actions increase the metabolic rate. It is 
also essential to eliminate all element of fright or nervousness 
of the apparatus, which must be previously explained and 
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dmcHistratcd. It is stated that the slightest degree of 
apprehension throws out the results. The determination 
should, if jjossible. be made at the bed-side, but if it has to 
})c done in another room the patient must be wheeled there 
on a trolley and left for half an hour or so before the estima- 
tion is performed. These preliminaries are observed with the 
greatest eare in Ameriea, but in England there seems to be a 
iendeney to l•(*gard many of them as unessential. In some 
institutions basal metabolic determinations are performed 
on ambulatory easels, but the results obtained are of very 
doubti'ul A'alue. If determinations are to be comparable, the 
rigid conditions laid down above must be adhered to. 

Calorimetric Method. - Hca*e tlie actual heat given out by 
the patient under the standard conditions is estimated by 
some form of ealorimeicr. Perhaps the best known instru- 
ment is that at the Russel Sage Institute, New York. The 
})atient is placed in tli(‘ calorimeter, the walls of which are 
kept at a constant tem])eraliire by an elaborate eleetrit‘al 
device. The heat giATu out by the patient is absorbed by 
water running through pipes in the chamber. The accuracy 
of this particular ealorimetev is said to ])e amazing, and it is 
elairned that if a dchnite weight of pure ether or alcohol be 
burned in the chamber the experimental measurements of the 
heat evolved corrcsjionds exactly to the theoretical figure. 
Although this type of method is undoubtedly the most 
accurate, the expense of the a})paratus forbids its geiieral 
Aise, and, consecjuently. s})aee cannot be afforded to describe 
it fully. A detailed account of this ijiteresting work will l>e 
found in the* standard books on basal metabolism which arc 
referred to at the end of this eluipter (1). 

Gasometric Methods.— In these metliods the basal meta- 
bolic rate is measured by observing the amount of oxygen 
absorbed during a certain time. Alternatively, the same 
result may be arrived at by working out the quantity of CO 2 
exhaled, although this type of method is not in extensive 
use. 
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(a) The Closed Methods , — These require some form of 
special apparatus, the best known beinj? tliose made by the 
Sanborn Company (2). The principle of all their ai)i)aratus 
is the same. 

It consists of a reservoir like a small f^iisomeler, with a 
water seal. This is tilled with oxyg(‘n, and is coimcetcd in 
series by means of tubes with a moiit}ij)ieec and a soda-linu^ 
container. The tubes are fitted with valves in such a manner 
that the patient inspires oxygen through tlie juouth[)ic(*o 
from the cylinder and expires througli the soda-linn^ (‘haml)er 
into the reservoir again. Tlie floating bell of the oxygen 
reservoir is fitted with a dial arrangement^whicJi rec'ords tlie 
rise or fall of the upper segment, thus indicting changes in 
volume. The dial reads off in cubic ( cntin^tn's. Hefore use 
the reservoir is filled with oxygen and the ^fliaratus is tested 
lor leaks. The patient then breathes thiroljgli the mouth- 
])ieee, which is diseounected, and the voluiiie is read off on 
the dial. It is advisable to clip the j)ati(‘nt.*siiose. When the 
patient is comfortable and breatliing naturjally, the mouth- 
]>iecc is eomieeted with the ap))aratns and tht‘ time is taken. 
The ]>atient is now taking oxygen from tlie resi'rvoir into his 
lungs and is breathing out a mixture of oxygen and COg into 
the soda-lime ehambcT. Here the latter gas is absorbed and 
the residual oxygen is passed on to th(‘ (fhamber, Tfie 
volume will naturally be diminished. T1 h‘ decrease in \ olume 
is read off at five-minute intervals, and when some d(‘gree of 
constancy in tlie figure is observed the exjieriment is termi- 
nated. Tlie mean of the ii^e-minutc readings gives the 
amount of oxygen absorbed in that time. It is essential to 
make several readings, since if one be takin immediately 
after an irregular inspiration or expiration, the error will be 
great. The volume is then reduced to standard temperature 
and pressure by means of tabkis supplied with the apparatus, 
and the metabolic rate is calculated in the manner deserib(*d 
later. Some of the more expensive types are fitted with 
circulation fans, but the cheaper models are quite satis- 
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factory. These methods possess the great advantage that 
no knowledge of gas analysis is required and they are very 
easy to peribrm. 

(b) The Open Methodx.- These wdll be described in greater 

detail, since they are 
vAv^l qO'’ used extensively in this 

, . , 

The apparatus required 

^ consists of: — 

n Douglas bag with 

^ mouthpiece and 

valves (3). 

^ Haldane gas analysis 

apparatus (4). 

Gas meter. 

- Sampling tubes. 

A very neat and com- 
pact outfit can be pur- 
chased from Messrs. 
Siebe, Gormans & Co. 

The bag (see Fig. 5) is 
made of rubber-coated 
cloth, and is lifted with 
a tube bearing a two-way 
tap A and side tube B. 
The Ihr end of A is con- 
nected with the mouth- 

j)ieee C, bearing valves. 

Flo.6.-TheI)ouKla9Bag. ^ ^ 

arranged so that it puts the bag in communication with tlie 
mouthpiece, or else shuts off the bag and communicates 
the mouthpiece with the exterior. To c^ollect the sample 
the side tube B is clipped, and the bag is emptied, either 

by careful rolling up or by a vacuum pump. The 

tap A is then turned so that the bag is shut off and the 

mouthpiece is open to the outer air. The patient then 
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fixes the mouthpiece in position and adjusts tiie nose eli)), 
so that all his respirations are tlirough the apparatus.* Some 
forms of mouthpiece arc fittcxl with a mask in order to cn,sure 
that no air is obtained other than througli the valves, which 
arc so arranged that the patient breathes in ordinary air 
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Fig. 7.— Haldane Gas Analysis Apparatus vvitli Sampler. 


through the top of the niouthpie(?e and out into the tube 
eomiccting with the bag. Owing to the position of the tap A, 
his expirations jiass out into the niv. VVh{‘?i the patient is 
breathing naturally and calmly the time is notcfl and the tap 
A is turned so that the expirations collect in the bag. This is 
allowed to go on until the bag is niod(‘ratcly lull, usually 
about ten minutes, when the tap A is adjusted so as to close 
the bag and the experiment is terminated. Tlic time of 
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turning the tap is taken, and the bag is removed to the 
laboratc>r>’ for analysis of the contents. The apparatus 
required for the analysis is shown in diagrammatic form 
above (see Fig. 7). 

It consists of a sampling tube A connected with a mercury 
reservoir and iittcd with two-way taps at either end. One 
of the exit tubes at the upper end is connected to the two-way 
tap B of the burc^tte of the gas-analysis apparatus. This 
burette is graduated and is connected with a movable mer- 
cury reservoir. The other exit from the burette is connected 
to other parts of the apparatus, as shown in the diagram, 
C contains 10% KOH, and is fitted with a movable reservoir 
on the left, and the side tube D is in eonnection with a blind 
control tube II, of exactly the same volume as the gas 
burette. By means of the three-way tap G it is possible 
to make D and H ctommunieate, or to make them both 
communicate with the outside air. 

The bulbs E contain a 10% solution of pyrogallic* acid in 
saturated KOH solution. By means of the tap F it is jjos- 
sible to put the gas burette into eonnnimication with either 
the potash bulb C or the pyrogallol bulbs E. 

Before use the bulbs C' and E are tilled with their respec- 
tive solutions, and the quant it i(‘S are so arrang(*d tliat, with 
all the taps open to the exterior, the levels come to the marks 
X and \ and Z on the tubes. 

Before an analysis can be performed the apparatus must 
be cleared of oxygen and COg. This is effected by lilling the 
burette with air and turning the taps B and F so that the 
burette is put into communication with the potash bulb C. 
The mercury reservoir belonging to the burette is raised and 
lowered frequently, with the result that the contained gas is 
blown over on to the potash, where the CO 2 is absorbed. This 
is done until a constant reading is obtained on the burette, 
when the levels of potash are at X and Y, as they were at the 
outset of the experiment. All the CO 2 has now been absorbed, 
and it remains to get rid of the oxygen. This is done by 
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turning the tap F so that the burette communicates with the 
pyrogallol bulbs E. On raising the inenMiry reservoir f)elong- 
ing to the burette, th(‘ COg free air is passed into two pyro- 
gallol absorption bulbs E, wIktc oxygen is absorbed. The 
gas is passed rapidly back wards and forwards until the volume 
recorded is constant, readings being taken with the pyro* 
gallol level at Z. the mark on the tube. All the oxygen in the 
apparatus has now been absorbed, except for a littk' con- 
tained in the air trapped between F and X. The taj) F is 
then turned to eomniunieate the burette with i\ and the 
mercury reservoir is rapidly raised and lo^^ererl in order to 
mix the specimens. The tap is tlien turn^ so tliut the mix- 
ture ea!i be jmssed into the pyrogallalj l^ulb, where tlie 
remaining oxygen can he absorbed. \ | 

This process is (tarried on until a co^^tant rea<ling is 
obtained. The a])paratus has now been (i<^red of COg and 
ox}'gen and is ready lor a determination. f 

Analiffiis of Specimen from Bag,- The s^itjiplor A is filled 
with merenry up to tlie end of the free tube L. This is dotie 
by setting th<‘ lower tap so that it puts the increury into 
communication with the side tube, wliieli is filled with mer- 
cury. The tap is then turned so that it communicates with 
the sampler. 

By this means tlie taj) is sealed with mer(‘ury and the 
possibility of air bubbles is exclude^d. 

The clip on the side tube of the Douglas bag is slackened, 
and a very small (|uantity of air is run out of thoi bag. The 
free end of the tube is immediately attacilied to L, and the 
mercury reservoir is lowcix'd. A sample of air is tliereby 
sucked into the sampler. The mercury reservoir is rc])eatedly 
raised and lowered, in order that a good s])ecimen be obtained. 
After thowmgh mixing has been ensured the reservoir is 
lowered so that the sam])ler is just full of air. Both taps are 
then shut. Tlie conmx’tiug tube betwecu the gas burette 
and the sampler is then put in position by means of rubber 
connections. The tap G is then turned so that H and D are 
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Opel) to the air. The potash levels are adjusted to X and Y 
by moving the menjury and potash reservoirs respectively. 
G is tlien closed so tluit D and H form a closed space and the 
tap 13 is reversed, tiuis eonncc‘tirg the burette with the sam- 
pler. The upper tap of the sampler is adjusted to connect L 
with the open tube K. The mercury reservoir belonging to 
the burette is raised, thus driving out the O 2 and CO 2 free 
gas ovTr the conncc*ting tube and out at K. When the whole 
system is full of mercury up to K tlie tap of the sampler 
is reversed, the lower one is opened and the reservoir of the 
gas burette is deprc‘ssed. 

This results in the gas contained in the sampler being 
sucked over into the burette. The reservoir is repeatedly 
raised and lowered to ensure thorough mixing. When this 
has been obtained, the two mercury reservoirs are so adjusted 
that about 20 c.c. of gas have been sucked into the burette 
and the levels of mercury inside and outside the burette and 
sampler are respectively the same. The lap of tlie sampler 
and the tap 13 are closed, and a little time is allowed for the 
gas to <^ool to the temperature of the water jacket surrounding 
the burette. The taj^s 13 and F are then turned to put the 
burette into (tonununication with C. There will be an imme- 
diate change in the levels X and Y, which must be brought 
back to their former position by altering the heights of the 
mercury and potash reservoirs respectively. When this has 
be<*n aecoTYiplished, the volume on the burette can be read 
off, since the contents will now be at atmospheric ])ressare, 
the levels X and Y having been previously adjusted with the 
taj) G open. The volume of gas is noted and the COg is 
absorbed in exactly the same manner described above. The 
final readings, however, must only be taken with the potash 
lev els on the marks X and Y. When two constant readings 
have been obtained, the oxygen (*an be absorbed as already 
described. Again the final readings must be made with the 
burette in communication with the potash bulbs alone and 
witli the levels X and Y on the marks. The barometric pres- 



0A80METRIC METHODS 


187 


sure and roonri temperature are taken. The volume of gas in 
the bag is measured by passing it through a meter, and to 
that figure is added the volume of the sample (75 e.e.). It is 
a good plan to analyse two samples oi’ 75 e.e. Given the 
patient’s height, weight, age and sex, tlie basal metabolic 
rate can be calculated. 

Calculation . — Although only elementary mathematics are 
employed, the calculation is somewhat involved. It can, 
however, be divided into a scries of stops. 

1. Calculation of percentage* eomf)osition of ii)e ( xpired 
air, together with respiratory quotient. 

Burette Rexidings ' 

First reading . , . ;2()*00 

Second reading . . . MUMI) 

Therefore COjj absorbed , | O-Hl 

A 1*05';/; 

Second reading of burette . ‘ID* 10 
Third reading . . . 15*89 

Therefore oxygen absorbed . .‘b3() 

i(V5 

The gas in the bag had, tlierefore, the following (!omj)osi- 
tion : — 

COa . . . 405% 

O/ . . . 16-5 % 

Ng . . . 79-t5% 

Composition of atmospheric or inspired air : - 
COg -- negligible (0*08%) 

O 2 -- 20-94% 

N 2 -79-0()% 

It would appear, at first sight, that the amount of Og 
absorbed per 100 c.(;, would be given by subtracting the per- 
centage of oxygen in the exjnrcd air from that in the inspired 
air. This, however, cannot be done, since, as cati be seen 
from the above calculation, the percentage of nitrogen in the 
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two specime^ns has changed, although the absolute amount 
is unalterecL Before subtracting, it is necessary to calculate 
to what ])ercc]itage of oxygen in the inspired air the nitrogen 
per(H‘ntage in the exj)ircd air would corresj)ond. This may 
be done in the following manner, or by means of Table 1, 
p. 195. 

79*06% of Ng corresponds to 20*94% of oxygen. 

Therefore 

20*94 

79*45% of Ng corresponds to X 79*45% oxygen 

21*05. 


In Table 1 will b(‘ found the Og ecpiivalent of various 
nitrogen (jontents. 

The percentage amount of oxygen absorbed was therefore 
the corrected (> 2 % insj)ired air ~ 02 % expired air. 

21 05 — 16*5%. 

4-55%. 


The CO 2 absorbed ==- 4*05 —0*08 ™ 4*02%. 

CO 2 402 

The res])iratory (piotient is therefore ^ -- 0*88. 

2 


The time taken for ihc experiment was fifteen minutes, in 
which time 100 litres eolleeted Ui the bag. Tlie barometer 
stood at 747 nini., and the temperature was 20 C, The 
volume of gas must be redu(;ed to standard conditions, 0° C. 
and 760 mm., and a correction must be applied for the water 
vapour tension, sin(‘e tlie air in the bag will be saturated. 
The barometer reading will havt* to be corrected for expan- 
sion of the scale. Tliis can be done by obtaining the tem- 
perature factor from Table 3, j). 196. The factor is in this 
ease 2*89 mm. The correction for the aqueous tension, as 
read oft‘ from Table 2, p. 190, is 17-4. 

Therefore the correct pressure =r,747 — (J7*4 + 2*t?9). 

= 727-21 mm. 

The reduction to 0° C. and 760 mm, pressure is aecom- 
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Therefore the volume at O'’ C. and 760 mm. Hg g9-2 
litres. 

The amount of oxygen used up was 4*55% of the volume, 
4*55 

?.e., X 89*2 litres. 

4-0586 litres per fifteen minutes. 

“ 270-5 e.e. per minute. 

16-2 litres per hour. 

For some jiurposes it is necessary to work out the area of 
the patient. This (-an be done from the accompanying body 
surface chart. The subject, a male aged 18, weighed 61 kg. 
and the height was 144 cm. The area was therefore 1-5 sq. 
metres. Tlu* gas exchange was therefore : — 

270-5 

y r.™ 180 c.c. per minute per sq. metre 
16-2 , ^ 

^ = 10*8 litres of oxygen per Jiour per sq. metre. 

1 \) 

With the data now at our disjiosal it is possible to work 
out the final results in one of two ways ; the first depends 
merely on the gas exchange, while the second depends upon 
the calculation of the number of calories per square metre 
])(;T hour given off by the patient. 

First lyfethod.— By n-ference to Table 5, p. 108, the normal 
oxygen consumption per minute can be ascertained. For a 
man of that weight and height it should be 196 c.c. of 
oxygen per minute. Corrections must now be made for age 
and sex according to the following scheme : — 

Males . — 20 to 50, no eorreetion. 

16 to 18, add 1 % to volume in table. 

18 to 20, add 5% to volume in table. 

50 to 60, subtract 4% from volume in table, 

60 to 70, subtract 7% from volume in table. 
Females,— ’Cakuhte as male of same age and subtract 7%. 
The patient’s basal metabolic rate is then expressed as a 
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percentage increase or decrease on the standard corrected 
volume. Since the subject was a male, aged 18, 1% must, be 
added to the standard figure of 100 c.(*. obtained from 
Table 5, j). 198, making it 198 e.c. Tlie patient's oxygen 
consumption, however, was 270 e.c. Thcn^ was tlK'rcfore an 
increase of 72 e.c. above the standard of 198 e.c. The 
percentage increase in basal mc^tabolic rate was therefore 

198 X 

Second Method. ““The gas exeliangc (»an hv c‘on verted 
into calorie values provided that tin* respilratorN' (quotient is 
known. Table 6, p. 201, gives the calorfe' values of 1 litre 
of oxygen at various respiratory (piotientS* C'aleulatio?) of 
results by this method is known as indir^ cnlorhnetrif. It 
has been shown that the* oxygiai eonsun)|)f.ion j)cr hour is 
10*2 litres, and that the resjaratory (|uoii|Tit is 0-88. lly 
reference to Table 0, p. 201, it can be fo^nd that at this 
({uotieut, 1 litre of oxygen eorresj)oncls to 1^9 ealories. The 
total mimber of ealories ]>er hour was therefore 10-2 X I '9 
79*38 ealories. Tlie area of the patient has been ])rc- 
vioiisly ealeulated as 1-5 scpiare metres. The patie?it then*- 
79-38 

fore radiated ^ ^ ealories [kt square metre, which e(|iials 

52*9 ealories. Bv referenec* to Table 7, p. 202, wi- see that a 
• * • 

normal male aged 18 should give out 39-2 ealories ))er scpiare 
metre. There is, therefore, an increase oJ’ 13-7 oxer the 
B5*7 

normal of 39*2 ; /.c., X 100^}^, = 95%. 

By the first metliod the result eamc- to 30%,. The small 
differenec is due to approximations and inaceuraeies in the 
estimation of surface area, and in the relation between 
calories and oxygen cousumj>tion. 

Interpretation of Results. -The first (pa-stion to (*onsider 
is the accuracy of the results as furnished by any of the 
methods described. 

Practically all observers agree that it is j)ossible to liava^ a 
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plus or minus error of 15%. That is to say, nothing of 
diagnostic importance can be deduced from figures 15% 
removed from the normal. With the calorimetric methods, 
almost the only source of error lies in the patient moving, 
etc., and thus raising his metabolic rate. This can ac(‘Ount 
for very considerable elevations above the normal. Thus 
the B.M.R. of a patient sitting up was found by Emmes ajul 
Riche (5) to be 7*6% higher than when he was lying down. 
An uncomfortable ])osition, attended with slight nmsc*ular 
action, was found by Magnus-Lcvy ((>) to cause an increase of 
20% or over. The discomfort of a full bladder will raise the 
rate by over 20%. Again, if the patient be nervous at the 
time of the determination, the conditions will be far from 
basal. A meal increases the rate by 10 to 15%, and the <*ffect 
may last lor twelve hours. Rubner (7) demonstrated that 
an imperceptible air current on an exposed surface greatly 
increased the metabolic rate. 

In view of these disturbing factors, we always estimate 
the B.M.R. several times on the same patient, using the 
Douglas bag method. The estimations are eontiuued until 
two results are obtahied which agree witliin 5%. Experience 
has shown that it is very unwise to })laee any reliance on a. 
single determination, since the'rc are so many points in the 
estimation where errors may creep in. Even although tl)C 
indivicfual errors may be small, the sum total in the end result 
will be considerable. The closed methods possess tlie advan- 
tage that four or live deterniinations may be made at one 
sitting, and, eoiLsequently, the result is bound to be more 
accurate than a single determination by the Douglas bag 
method. On the other hand, a series of separate determina- 
tions by the latter teehnitjue are, perijaps, preferable. 

Despite the apparent sensitiveness of metabolism to various 
extraneous factors, and the dillieulty attending their exclu- 
sion, it is claimed that the estimation is of the greatest 
value. Investigation of disease by this method is said to 
yield valuable information in cases showing disturbances of 
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the endocrine organs, and more especially thyroid and 
pituitary conditions. 

Thyroid Disturbances— In exophthalmic goitre the basal 
metabolic rate is greatly inercased. The increase also varies 
j)roi)ortionateIy to the severity of the condition, and, conse- 
quently, cases can be classified according to what inc-rease 
they show in their basal metabolic rate. Thus t'. II. Frazier 
and Adler (8) classify their eases as follows ; - 

Group I. . B.M.R, fioin 10 to 20% increase. 

„ II. . B.M.R. ., ‘20 to 40% 

,. III. . B.M.R. ., +0to.60% 

„ IV. B.M.R. „ wards increase. 

Tile treatment vari(*s for each group, i'l^asier recommends 
subtotal thyroidectomy for (iroups I. and\|t., hilattTal liga- 
tion of the superior thyroid arteries for HI., and uni- 

lateral ligature for Grou]) IV^ 

Many American authorities state that tfjty rely almost 
entirely on the H.M.R. determination for;' indications lor 
surgical treatment. J. Herry (0), however, in this eoimtry, 
considers that the cardiac side of the dis(‘asc rcijuircs just as 
careful consideration as the metabolic. He relies upon 
clinical and elect ro-cardiographic (‘xamination, together with 
the metabolic, for indications as to treatment. This observer 
also consklers that (‘xteusive fijMn’ativc* interference Is v^ery 
unwise in cases with a basal nu^tabolic rate of over t0% 
increase. 

If tile basal metabolic rate be increased by ov er 50%. the 
application of radium or X-rays has been report (‘d to give 
very good results. This form of treatment may also be 
applied to cases unsuited to surgical treatment. After the 
treatment there is an immediate rise in the l atc followed by 
a fall. Thus Aub and Means (10) report that eai h application 
was followed roughly by a fall of 10%. The number of 
applications required for a cure, how'ever, is num(n‘ous, and 
the treatment must be prolonged »for many months, or even 
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over a year* The metabolic determination is of great value 
in checking any fonn of treatment, either surgical, X-ray, or 
medical. In hypothyroidisin the rate is decreased down to 
20 to 40% below the normal. The rate can be restored to 
normal by the administration of thyroid extract. This 
reduction in hypothyroidism is very useful for diagnostic 
purposes. Unfortunately, hypothyroidism is not the only 
condition which can effect a lowering in the basal metabolic 
rate. Thus prolonged under-nutrition, the terminal stages 
of various diseases, such as chronic nephritis, diabetes, and 
particularly hyi)opituitarism, are associated with a decreased 
metabolism. 

A method for calculation of the B.M.R. in hyperthy- 
roidism from a formula, in which only the ]3ulse rate and 
pulse pr<‘ssure have to be determined, is described on p. 208 
(see Read’s fonnula). 

Pituitary Disturbances, — ^Tlui basal nietabolie rate is 
decreased in hyj^opituitarisni, although not so markedly as 
in defkient thyroid runetiom The decrease is usually not 
much greater than — 13 to — 30%. 

That this is not due to thyroid disturbances can only be 
determined by clinical examination, thus noting the alxsence 
of signs of myxeedema, and by giving a dose of j)ituitrin. If 
the decrease be due to pituitary inelfieicncy, the injection will 
be followed by an increase in the basal metabolic rate, which 
is not obtained if the tliyroid alone be at fault. Pituitary 
extract is said to euhance the action of thyroid extract upon 
the basal metabolic rate. The estimation of basal metabolic 
rate is also stated to be of the greatest value in various other 
conditions. Thus in fevers, Eugene F. Du Rois (11) holds 
that its estimation is of value from tlie jjoiiit of view of 
prognosis, and, to a certain extent, for treatment jnirposes. 

'Phe main uses of basal metabolism can be summarised as 
follows : — 

Detenmning the course of treatment to be adopted in a 
ease of hy|)erthyroidism. 
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Chec^king that treatment. 

Diagnosis of thyroid and pituitary lesions. 

Investigation of cases of obesity to determine the endo- 
crine factor, if any. 

Below will be found a table showing the type of vajia- 
tion in basal metabolism in different diseases. 


Polyglandular Insufficiency 


DUgno8i<« 


Basal Metabolism. 


Sugar Tokirance 




. j Eunuchoidism 
^ I Gigantism 
i Pituitary 
^ { Gonad 
« < Pituitary 
^ j Gonad 
. ( Pituitary 
^ j Gonad 
f. j Thyroid 
\ Pituitary 
( Pituitary 
0. I Thyroid 
( Gonad 
- ( Pituitary 
j Thyroid 
Q ( Pituitary 
I Gonad 


+ 8% (two readings) , 
+ 2004. , . 

+ 4%. . . 

-28%. . . |.l 

-h 1%. . . ‘I 

‘i 

— 23% (before treatment)* 
-f 10% (after treatment). 

- 8 %. 


104 -261 -222 
(Decreased.) 
no 159 141 
(Increased.) 

no 180 *120 

(Normal.) 
no *180 -120 
(Normal.) 
120 *246 180 
(Decreased.) 


-25%. 

- 11 %. 


136 231 153 

(Decreased.) 
098 -252 *141 
(Decreased.)* 


(From “Blood and Urine Chemistry ” Gradwohl 
and Blaivis. 1923. Kiiiipton, London.) 


Table 1 

TJhe Percentage of Oxygen which is* Equivalent to the 
Nitroge 7 i found in the Expired Air 

To obtain the nitrogen in the expired air, add the per- 
centage of CO 2 and O3 found and subtract the sum from 100. 
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The table gives the percentage for corresponding to this 
figure. 


/o 

N. 

78'7 

78*8 

78*9 

79*0 

79*1 

79*2 

79*8 

0/ 

/o 

0 , 

20*86 

20*88 

20*90 

20*98 

20*96 

20*98 

2101 

% 

N, 

79*4 

795 

79*6 

79*7 

79*8 

79*9 

80*0 

% 

o. 

21*04 

21*07 

21*10 

j 21*12 



21*14 

21*16 

21*19 

% 

N. 

80*1 

80*2 

80*3 

80*4 

80*5 

80-6 


% 

o. 

i 21*22 

; 

i _ I 

21 25 

j 21*28 1 

21 31 

1 

21*85 

21-38 



(Macleod. “ Physiology and Biocshomistry in Modern 
Medicine,” 1918. Kimpton, London.) 


Table 2 

Tension of Aqueous Vapour in Millimetres of Mercury 

To obtain the dry barometer pressure, subtract the nim. 
Hg corresjioiuling to the temperature of the air from the 
barometer pressure at the time of the experiment. 


IS'’ 


17" 

18° 

19" 

20" 

21" 

22" 

23° 

24" 

25'' 

M2’7 

1 

i:ps 

14*4 

15-4 

16-3 

17*4 

18*5 

19*7 

' 20*9 

22-2 

23*5 


(From Macleod. “ Physiology and Biochemistry in 
Modern Medicine,” 1918. Kimpton, London.) 


Table 8 

Temperature Correctwns to Reduce Readings of a Mercurial 
Barometer with a Brass Scale to 0° C. 

Subtract the appropriate <piantity as found in table from 
the height of the barometer. The table is for a barometer 
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with a brass scale, and the values are a little lower (about 0-2 
tnm.) than for the glass scale. The corrections for inter- 
mediate temperatures can be approximated. 



700 

710 

720 

780 

740 

7.50 i 7«0 

770 


mm. 

mm. 

mill. 

mm. 

mm. 

nim. ! mm. 

j 

inm. 

15" , . 

1*69 

1*72 

1*74 

1*77 

1-79 

1-81 I 1-84. 

r 86 

20^^ . . 

2*26 

2*22 

2 32 

2-36 

2*39 

2- 12 i 2-45 

I 2-48 

25" . . 

2*83 

2*87 

2-91 

2-95 

i 

2-99 

1 _ 

303 807 

L- ! 

I 3 11 


(From Macleod. “ PhysioJogy Biochemistry in 
Modem Medicine,” 1918. Itimptoii, London.) 






I 

{ 


Table 4 

Table for Reducing Gaseous Volumes to Normal Temperature 
and Pressure 

The observed volume, wlieu multiplied by thu factor 
corresponding to the temperature a?id pressure, will giv(i the 
volume of the expired air reduced to O'" and 700 mm. 


Mm . 

16" 

16" 

17" 

18" 

ir 

1 

20" 

21" 

22" 

-i 

1 23" 

24" 

26" 

720 

•898 

•894 

•891 

•888 

•885 

•882 

•880 

1 

•877 

1 

i *873 

•870 

•867 

730 

•910 

•907 

•904 

•901 

•897 

•894 

•891 

•888 

I -885 

*882 

•879 

740 

•922 

•919 

•916 

•913 

•910 

•907 

•904 

•901 

•897 

•894 

•891 

760 

•936 

•932 

•928 

•926 

•922 

•919 

•916 

•913 

•010 

•907 

*904 

760 

•047 

•944 

•941 

•938 

•934 

•933 

•928 

•925 

922 

•919 

•916 

770 

•960 

•957 

•953 

•950 

•948 

•945 

•940 

•936 

•933 

•930 

•927 


(From Macleod, “ Physiology and Biochemistry in 
Modem Medicine,” 1918. Kimpton, London,) 
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Table 5 

Showing the amount of oxygen absorbed, under basal conditions, 
and at O'" C. and 700 7nm, pressure, by individuals m 
relation to their height and weight. 


HEIGHT IN CBNTIMBTBItS 



t40 

143 

150 

155 

too 

165 

170 

175 

180 

185 

190 


30 

142 

143 

149 

152 

156 

159 

163 

166 

170 

178 

m 

68 

1 

144 

147 

151 

154 

158 

161 

165 

168 

172 

175 

179 

68 

2 

145 

149 

153 

156 

160 

103 

167 

170 

174 

177 

181 

TO 

J 

147 

151 

155 

158 

162 

165 

169 

173 

177 

180 

184 

73 

4 

149 

13? 

167 

160 

164 

167 

171 

175 

179 

182 

186 

75 

S 

151 

156 

159 

162 

166 

170 

174 

177 

181 

184 

188 

77 

6 

153 

157 

161 

184 

168 

172 

176 

179 

183 

187 

191 

79 

7 

135 

159 

163 

166 

170 

174 

178 

182 

186 

189 

193 

81 

R 

156 

161 

164 

168 

172 

176 

180 

184 

188 

191 

H5 

84 

0 

158 

162 

160 

170 

174 

178 

182 

186 

100 

104 

198 

86 

40 

159 

104 

168 

172 

176 

180 

184 

188 

192 

196 

200 

88 

I 

161 

165 

169 

174 

179 

182 

186 

190 

104 

198 

202 

90 

2 

102 

167 

171 

176 

181 

184 

188 

192 

1C6 

200 

204 

92 

3 

164 

160 

173 

178 

182 

185 

189 

194 

198 

202 

208 

96 

4 

165 

170 

175 

180 

164 

187 

101 

196 

200 

204 

208 

97 

5 

167 

173 

177 

181 

186 

189 

193 

108 

201 

805 

210 

99 

0 

109 

174 

179 

183 

188 

191 

195 

200 

203 

207 

212 

101 

7 

171 

176 

180 

184 

189 

192 

197 

202 

205 

209 

214 

103 

8 

172 

177 

182 

188 

191 

194 

100 

204 

207 

211 

216 

ICO 

9 

174 

179 

183 

188 

192 

196 

201 

2C6 

200 

213 

218 

108 

60 

178 

181 

185 

180 

193 

197 

202 

207 

211 

215 

220 

110 

1 

178 

183 

186 

191 

105 

199 

204 

209 

212 

217 

221 

112 

2 

179 

184 

188 

192 

196 

200 

205 

211 

214 

210 

223 

114 


181 

186 

189 

194 

198 

202 

207 

212 

216 

220 

225 

in 

S 4 

182 

187 

101 

105 

109 

203 

208 

214 

217 

222 

227 

119 

S 5 

184 

188 

103 

197 

201 

205 

210 

216 

219 

224 

228 

121 ^ 

g a 

186 

189 

104 

190 

203 

207 

212 

218 

221 

226 

230 

123 5 

o ^ 

186 

191 

106 

200 

205 

200 

213 

210 

222 

228 

232 

126 g 

B a 

18S 

192 

107 

202 

206 

210 

216 

221 

224 

220 

233 

128 S 

M 0 

189 

194 

109 

203 

208 

212 

216 

222 

228 

231 

235 

130 ^ 

B60 

190 

195 

200 

204 

200 

213 

217 

223 

228 

333 

237 

132 S 

Z ‘ 

191 

196 

301 

206 

211 

215 

219 

225 

230 

235 

230 

184 * 

g a 

192 

198 

202 

207 

212 

216 

220 

226 

231 

236 

240 

136 S 

S 3 

193 

199 

203 

209 

214 

218 

222 

228 

283 

238 

242 

139 a 


195 

200 

205 

210 

215 

219 

228 

229 

234 

239 

243 

141 i 


196 

201 

206 

212 

217 

221 

225 

231 

236 

241 

245 

143 ft 

^ 0 

197 

202 

207 

213 

218 

222 

227 

232 

237 

242 

247 

145 

•’7 

199 

204 

209 

215 

220 

224 

228 

234 

239 

244 

849 

147 

8 

200 

205 

210 

216 

221 

225 

230 

236 

240 

245 

260 

150 

0 

201 

207 

212 

218 

222 

227 

231 

237 

242 

247 

358 

162 

70 

202 

208 

213 

218 

223 

228 

233 

238 

243 

248 

253 

164 

1 

203 

200 

214 

210 

224 

229 

235 

240 

245 

250 

255 

166 

2 

204 

210 

216 

220 

225 

231 

236 

241 

248 

251 

256 

158 

a 

200 

212 

217 

222 

227 

232 

238 

243 

248 

253 

268 

161 

4 

207 

21.1 

210 

223 

228 

234 

239 

244 

240 

254 

250 

163 

5 

208 

214 

220 

224 

229 

235 

241 

246 

251 

256 

261 

105 

6 

209 

215 

221 

225 

230 

236 

242 

247 

252 

267 

263 

167 

7 

210 

216 

222 

227 

232 

238 

244 

249 

254 

259 

264 

169 

k 

212 

218 

224 

228 

233 

239 

245 

250 

255 

280 

266 

172 

9 

213 

219 

225 

230 

235 

340 

246 

251 

257 

262 

267 

174 

80 

214 

220 

226 

231 

236 

241 

247 

253 

268 

263 

268 

176 

1 

215 

232 

227 

232 

237 

242 

248 

254 

259 

264 

270 

178 

2 

217 

223 

228 

234 

239 

244 

250 

256 

261 

266 

271 

180 

9 

218 

325 

230 

235 

240 

245 

251 

267 

262 

267 

278 

183 

4 

220 

226 

231 

237 

242 

247 

253 

259 

264 

269 

274 

185 

5 

221 

227 

233 

288 

243 

248 

254 

260 

265 

270 

276 

k7 

a 

222 

228 

234 

239 

344 

249 

255 

261 

266 

271 

277 

189 

7 

223 

229 

236 

240 

246 

251 

256 

262 

288 

273 

279 

191 

8 

224 

230 

236 

242 

247 

252 

258 

264 

269 

274 

280 

194 

9 

223 

331 

387 

243 

248 

254 

259 

265 

271 

276 

282 

196 


33 

67 

39 

61 

63 

66 

67 

69 

71 

78 

76 
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Table 5 {continue‘d). 


HEIGHT m CENTIMETERS 



IftO 

155 

160 

165 

170 

176 

180 

185 

too 

195 

200 


90 

238 

244 

249 

255 

260 

266 

271 

276 

282 

287 

292 

198 

1 

239 

245 

250 

256 

261 

267 

272 

277 

283 

288 

293 

200 

2 

240 

246 

251 

257 

262 

268 

273 

278 

284 

289 

294 

202 

3 

241 

247 

252 

258 

264 

269 

275 

280 

286 

291 

296 

205 

4 

242 

248 

253 

259 

265 

270 

276 

281 

287 

292 

297 

207 

5 

243 

249 

254 

260 

266 

271 

277 

282 

288 

293 

298 

209 

6 

244 

250 

255 

261 

267 

272 

278 

283 

280 

294 

299 

211 

7 

24ft 

251 

256 

263 

260 

274 

279 

284 

290 

295 

300 

213 

8 

246 

252 

268 

254 

270 

276 

281 

286 

292 

297 

302 

216 

9 

247 

253 

259 

266 

271 

277 

282 

287 

293 

298 

303 

218 

XOO 

24B 

254 

260 

267 

272 

278 

284 

289 

294 

299 

304 

220 

I 

249 

255 

261 

268 

273 

279 

285 

290 

295 

3C0 

305 

222 

2 

2ft0 

256 

262 

269 

274 

280 

286 

292 

297 

302 

307 

224 

3 

2S1 

2S7 

263 

270 

275 

281 

288 

293 


303 

308 

227 

4 

2ft2 

258 

264 

271 

276 

282 

289 

294 

210 

304 

309 

229 

5 

2ft3 

260 

266 

272 

278 

284 

290 

296 


306 

311 

231 

« 

254 

261 

207 

273 

279 

285 

29) 

297 


307 

312 

233 

7 

2&ft 

262 

268 

274 

280 

286 

293 

298 

' 

308 

313 

235 

8 

256 

263 

269 

275 

‘281 

287 

294 

300 


310 

315 

238 

9 

257 

264 

270 

276 

282 

288 

295 

301 

in. 

i 311 

.316 

240 

un 

2S8 

26ft 

271 

277 

283 

289 

296 

302 

t'9w 

312 

317 

243 

1 

250 

• 266 

272 

278 

284 

290 

297 

3a3 

'.'lip' 

'31.3 

318 

244 

2 

260 

267 

273 

279 

285 

291 

298 

304 


"315 

320 

246 


261 

268 

274 

280 

286 

293 

299 

30$ 


|316 

321 

249 

a 4 

262 

269 

275 

281 

287 

294 

300 

306 


{317 

322 

251 

3 * 

263 

270 

276 

283 

289 

295 

302 

308 

3p i 

319 

324 

253 1 

Q ^ 

264 

271 

277 

284 

290 

296 

303 

309 


820 

325 

2S5g 

Q 7 

26S 

272 

278 

285 

291 

298 

304 

310 

i 

321 

326 

257 £ 

n ^ 

m 

273 

279 

286 

292 

299 

m 

311 

3h !! 

323 

328 

2eoS 

H 9 

267 

274 

280 

287 

293 

300 

306 

312 

818 1 

:,324 

329 

262 

5 120 

268 

275 

281 

288 

294 

301 

307 

313 

319 ; 

;325 

330 

264 

*- • 

269 

276 

282 

289 

295 

302 

308 

314 

320 ^ 

326 

331 

266 3 

fio '3 

270 

277 

283 

290 

2m 

303 

309 

315 

321 

827 

332 

2681 

O 3 

271 

278 

284 

291 

297 

304 

310 

316 

322 

828 

333 

271 S 

a 4 

272 

279 

285 

292 

298 

305 

311 

317 

328 

329 

335 

273 C 


272 

279 

285 

292 

'299 

300 

312 

319 

325 

331 

336 

275 « 

<> 

273 

280 

286 

293 

3(KJ 

307 

313 

320 

326 

332 

337 

277 

7 

‘274 

281 

287 

‘294 

301 

308 

314 

.321 

3‘27 

333 

339 

279 

8 

275 

282 

288 

295 

302 

309 

3I.S 

322 

328 

834 

.340 

282 

9 

276 

283 

289 

296 

303 

310 

316 

323 

3‘20 

835 

341 

284 

130 

277 

284 

290 

297 

3(V1 

311 

317 

334 

330 

336 

342 

286 

1 

■278 

285 

291 

298 

305 

312 

318 

325 

.331 

837 

343 

288 

2 

•279 

288 

292 

2% 

306 

313 

319 

326 

332 

338 

344 

290 

3 

2S0 

287 

293 

300 

307 

314 

320 

327 

333 

339 

345 

293 

4 

281 

288 

25>* 

301 

308 

.115 

321 

328 

334 

340 

346 

206 

.% 

281 

288 

294 

302 

309 

316 

323 

329 

3.35 

341 

347 

207 

6 

282 

289 

295 

3a3 

310 

317 

324 

330 

3.36 

342 

348 

299 

7 

283 

200 

296 

304 

311 

318 

325 

331 

337 

343 

349 

301 

X 

284 

291 

297 

305 

312 

319 

326 

332 

.338 

344 

350 

304 

9 

285 

292 

298 

306 

313 

320 

327 

333 

339 

345 

351 

806 

140 

286 

293 

299 

307 

314 

321 

328 

334 

340 

346 

352 

308 

1 

287 

294 

3CX) 

308 

315 

322 

329 

3.^’> 

341 

347 

353 

310 

2 

288 

294 

301 

309 

315 

323 

329 

336 

342 

348 

354 

312 

3 

289 

29ft 

302 

310 

316 

324 

330 

3:17 

343 

349 

365 

315 

4 

289 

296 

303 

cn 

317 

325 

331 

338 

;144 

a'-io 

356 

317 

ft 

290 

297 

304 

312 

318 

326 

3.32 

339 

345 

351 

3.57 

319 

0 

291 

298 

305 

313 

319 

327 

333 

339 

346 

352 

358 

321 

7 

291 

299 

306 

314 

330 

328 

3.14 

340 

346 

353 

359 

323 

8 

292 

300 

307 

315 

321 

3‘29 

335 

341 

347 

354 

360 

326 

9 

293 

301 

307 

315 

322 

329 

336 

342 

348 

355 

361 

328 


» 

61 

63 

65 

67 

69 

71 

73 

75 

77 

79 
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BASAL METABOLISM 
Table 5 (continued). 

NORMAL STANDARDS OF BASAL METABOLISM 
FOR BOYS AND GIRLS OF WEIGHTS 
20 TO 38 KILOS* 

(Aftes 6 to 12 years approximately) 

Welg,ht .is determining factor for basal metabolism of boys and girls 
Body Weight Heat Production Oxygen Consumption 

(without clothing) in Calories In Cubic Centimeters 




per 24 

hours 

per minute 

Kilos 

Pounds 

Boys 

Girls 

Beys 

Girls 

20.0 

44 

860 

805 

124 

116 

20.5 

45 

873 

818 

126 

118 

21.0 

46 

885 

830 

127 

120 

21 5 

47 

898 

842 

129 

121 

22 0 

48 

910 

855 

131 

123 

22 5 

50 

925 

867 

133 

125 

23.0 

51 

940 

880 

135 

127 

23 5 

52 

953 

890 

137 

128 

24.0 

53 

965 

900 

139 

130 

24.5 

54 

978 

915 

141 

132 

25 0 

55 

990 

930 

143 

134 

25 5 

56 

1005 

940 

145 

135 

26.0 

67 

1020 

950 

147 

137 

26 5 

58 

1033 

962 

149 

139 

27 0 

59 

1045 

975 

150 

140 

27.5 

61 

1058 

987 

152 

142 

28 0 

62 

1070 

1000 

154 

144 

28.5 

63 

1060 

1010 

155 

145 

29.0 

64 

1090 

1020 

157 

147 

29.5 

65 

1103 

1032 

159 

149 

30 0 

66 

1115 

1045 

161 

150 

30 5 

67 

1127 

1058 

162 

152 

31 0 

68 

1140 

1070 

164 

154 

31.5 

69 

1150 

1880 

166 

155 

^2.0 

70 

1160 

1090 

167 

157 

32 5 

72 

1170 


168 


33.0 

73 

1180 


170 


33 5 

74 

1190 


171 


34.0 

75 

1200 


173 


34.5 

76 

1210 


174 


35.0 

77 

1220 


176 


35 5 

78 

1230 


177 


36.0 

79 

1240 


179 


36.5 

80 

1248 


180 


37.0 

81 

1255 


181 


37.6 

83 

1265 


182 


38.0 

84 

1275 


184 


Predicted 

standards. 

Prepared by editor from Table 36 in 

Benedict 


Talbot's ^'Metabolism from Birth to Puberty '* Carnegie Institute of Washington^ 
Washington, D C.. 1021. 

(From Sanborn. ** Basal Metabolism/ 
1922, Sanborn Co., Boston.) 
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Table 6, 



Calories 
for 1 litre O2 

Relative Calories Consumed as 

Carbohydrate 
per cent. 

Fat ' 
per cent. 

0‘70 

4*686 

0 

100 

on 

4-690 

1-4 

98-6 

0*72 

4*702 

4*8 

95*2 

0-73 

4-714 

8-2 

91-8 

0-74 

4*727 

11*6 

88*4 

0-75 

4*739 

16-0 

85-0 

0-76 

4*752 

18*4 

81*6 

0-77 

4-764 

21-8 / 

78-2 

0‘78 

4*776 

25*2 s? , 

74*8 

0*79 

4*789 

28-6 ' ;i > 

71*4 

0-80 

4*801 

32*0 i ! 

68*0 

0-81 

4-813 

35-4 » 1 

64-6 

0-82 

4*825 

38*8 ' 1 

61*2 

0*83 

4*888 

42*2 t 

67-8 

0-84 

4*850 

45*6 

54*4 

0*85 

4*863 

49*0 

51*0 

0-86 

4*875 

52*4 

47*6 

0*87 

4*887 

55*8 

44*2 

0*88 

4*900 

59*2 

40*8 

0*89 

4*912 

62*6 

37*4 

0-90 

4*924 

660 

34*0 

0-91 

4*936 

69*4 

30*6 

0*92 

4*948 

72*8 

27*^ 

0-93 

4*960 

76*2 

23*8 

0-94 

4*973 

79*6 

20*4 

0*95 

4*985 

83*0 

17*0 

0*96 

4*997 

86*4 

13*6 

0*97 

5*010 

89*8 

10*2 

0*98 

5*022 

93*2 

6*8 

0*99 

5*034 

96*6 

3*4 

1*00 

5*047 

100*0 

0*0 


(From Lusk.) 
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Table 7 


Age. 

Calories per Square Metre per Hour. 

Males. 

Females. 

14-16 

44-2 

41*2 

16-18 

41-2 

38-2 

18-20 

39*2 

86*2 

20-30 

S7 7 

85*2 

30 40 

37*7 

34*7 

40 60 . . . i 

36*7 

34*2 

50 60 . . . 1 

35*7 

83*2 

60 70 

34*7 

82*2 

70-80 

33*7 

i 

81*2 


(Modified, from Sanborn. “ Basal Metabolism,’’ J922. 
Sanborn Co., Boston.) 
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CHAPTER nil 


SOME DISORDERS OF THE ENDOCRINE SYSTEM 

Vagotonia and Sympatheticotonia 

J. N. Langley (1), in 1898, grouped together the efferent 
nerve fibres and ganglionic systems which control the 
unstriated and cardiac muscles and the glandular tissues, 
under the name of the autofiomic nervous system. This term, 
suggested to him by Professor Jebb, is synonymous with the 
vegetative nervous system. 

Tlie autonomic system consists of outllows of fibres 
leaving the central nervous system in four regions : — 

Mid-brain, underlying the anterior eorpora quadrigemina. 

Bulb, near the calamus seriptorius. 

Thoraeico-lumbar jKirtion of the spinal cord, from the 
level of the first thoracic to the second or third lumbar, in 
man. 

Sacral cord, from the level of the second to the fourth 
sacral, in man. 

The first two constitute the cranial autonomic system. 

The third constitutes the sympathetic system, and 

The fourth the sacral autonomic system. 

The efferent autonomic fibres all have a nerve cell on their 
path from the central nervous system to their tissue of dis- 
tribution, i.e., as they leave the central nervous system they 
are all preganglionic fibres. 

The S^-brain Aatonomic System. — The fibres here pass 
out with the third cranial nerve to the ciliary ganglion, and 
thence postganglionic fibres run to the ciliary muscle and 
circular fibres of the iris, causing constriction of the pupil. 

The Bulbar Autonomic System. — Efferent fibres pass mt 

SM 
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from the medulla with the seventh, ninth, tenth and eleventh 
cranial nerves, and supply the glands and blood vessels of 
the nose and mouth, and the organs supplied by the vagus. 
Inhibitory fibres thus run to the heart, motor libres to the 
broncho-motor system, the oevsophagiis, stomach, small intes- 
tine, and, according to some authorities, a portion of the 
large intestine and secretory fibres to the stomach and 
pancreas. 

The Sympathetic System. — Fibres ]>ass from the thoracie 
and lumbar portions of the (*ord which supply the skin and 
tissues innen^ated by the remainder of the intonomic system, 
but they cause a reverse effect in their ac^vities. Thus the 
pupil is dilated as the result of sympathe|i|&' stimulation, the 
Jieart quickened and the intestinal movctipiits are inliibited. 
The sympathetic fibres are s(icretory for tM sweat glands. 

The Sacral Autonomic System. — Effereiltjpiotor fibres pass 
out with the second, third and fourth sacrjilmerv(‘s to supply 
the remainder of the large intestine and reet4yii and anus, and 
also the external generative organs. » 

The cranial and sacral portions of the atitouoinic system 
are sometimes referred to as the parasympathetic system, as 
opposed to the thoracieo-lumbar j)orti(Hi or sympatlietic 
system. It will be noted that the sympathetic and para- 
sympathetic have, in general, antagonistic actions, and 
normally there is a c‘ertain degree of tone existing in 
each. Thus, section of the vagus causes quickening of the 
heart. 

In 1910 Eppinger and Hess (2) ai)plicd lh(‘ physiological 
facts of Langley to clinical medicine. In order to do so they 
have evolved a th<*ory which eaJinot be said to be siqq^orted 
by scientific evidence. The otitline of their theory is as 
follows : The vegetative system is divided into two parts — 
(1) the autonomic, corresponding with the parasympathetic, 
or the cranial and sacral autonomic of Langley’s classifica- 
tion ; and (2) the synq)athctic, or thoracico-lumbar portion 
of 'Langley’s autonomic system. 
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Eppinger and Hess believe that the autonomic and sym- 
pathetic systems are controlled by endocrine secretions,. The 
stimulus for the autonomic system is a hypothetical substance 
which is thought to circulate in the blood stream and which 
they call autonomine. Adrenalin is said to be the stimulus 
for the sympathetic system. Swale Vincent (3) has written 
a very destructive criticism of this theory, in which he states 
“ the discharge of adrcnin from the adrenal body is not indis- 
pensable for life or health, and there is, indeed, no reliable 
evidence that under normal conditions the circulating blood 
contains any adrenin at all.” Autonomine is further a purely 
imaginary substance. 

Eppinger and Hess state that, normally, a balance exists 
between the autonomic and sympatlietic systems, but this 
balance may be disturbed, pne or other of the systems pre- 
dominating. This would give rise to two opposed conditions, 
vagotonia and sympathcticotonia. 

Vastotonia. — Here the autonomic system is in preponder- 
ance, whereas the sympathetic system is in abeyance. The 
condition was first picked out as a clinical syndrome in cases 
of ncurasthctiia and liystcria. A vagotonic may show tlie 
following manifestations of his state : The individual is 
usually nervous and pale-faced, with a greasy skin. Sweating 
occurs easily aj\d red blotches may be seen upon the skin. 
Watery* salivation may be noticeable. The pupils are usually 
small and the pulse rate slow. Sinus irregularity is often 
present. The lK:)wels are usually constipated and asthenic 
dyspepsia with liypersecretion and pyloric spasm may occur, 
Adtilts are liable to suffer from asthma and eosinophilia. and 
children from nocturnal incontinence. Laryngismus stridulus 
may be a prominent symptom in infants. There is often a 
hypertrophy of the tonsils and of tlie lymphatic tissue 
tliroughout the body. Vagotonia, as is shown by brady- 
cardia and sweating, is said to occur also during recovery 
from disease, when anabolic processes are in evidence ; for the 
autonomic system is anabolic in action, and is in sway during 
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deep (as manifested by the small pupils, slow breathing and 
bradycardia), whereas the syibpathetic is katabolic and is 
used in bodily defence. 

Sympathetiootoilia. — The clinical picture is the reverse of 
that described above. Thus the pu])ils dilate, the pulse is 
rapid, the cutaneous vessels contract, and the erector pili 
muscles are readily put in action, together with the sweat 
glands. Shakespeare gives a vivid description of the action 
of the sympathetic system : 

“ freeze thy young blood. 

Make thy two (yes, like stars, start their splieres, 
Thy knotted and conihinod lo(*ks to 
And each particular hair to stand au-^cl. 

Like quills ujjon the fretful i»orp(*iiime/* 

''h I flamlei^ i, 5. 

It is said that visceral crises are not likJfeto oeeiir in tabes 
in a syni])atheticotonie, whenais a vagotpnic* is prone to 
them. A syrnpathetieotonie may be iuuiwa|c' of the presence 
of an ulcer in his stomach until it })erforat4s or bleeds. 

7^ he Response to Drusis. — The diagnosis of vagotonia and 
sympatheticotonia may be aided ])y the resj)onse of tlie 
individual to certain drugs. Thus the A agotonic is suscep- 
tible to pilocarpine and jdiysostigniine. An injection of 0*()I g. 
(4 pilncarpinc will cause sweating and salivation in a 

patient suffering from vagotonia. It must be noted tliat 
there is no anatomical evidence that the autonomic nerve 
fibres supply the sweat glands, but rather the sympathetic 
system, w^hich constitutes another weak i)oint in the theory. 
Adrenalin injection may relieve symptoms in a vagotonic, as 
is well exemplified in some eases of asthma. The patient is 
not so susceptible to atropine, which constitutes the basis of 
Marris’ test for enterica infections (see (’haj)ter XIV.). 

In sympatheticotonia the symptoms arc* usually made 
worse by adrenalin. 

Ck>liclU8ioil8. — There is probably a germ of truth in the 
theory of vagotonia, b\it it is difficult, if not impossible, to 
accept it in toto. There is no evidence that the vegetative 
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nervous system is normally under endocrine control ; there 
is no physiological proof of autonomic fibres supplying the 
sweat glands, but, as shown by Langley, they are under the 
control of the sympathetic* system. The use of pilocarpine 
as a test for vagotonia therefore lacks scientific justification. 
Clinically it does not appear probable that a permanent state 
of over-activity of one system at the expense of the other 
exists, constituting a pathological syndrome, although there 
is little doubt that the autonomic and sympathetic systems 
have antagonistic actions. A temporary disturbance of por- 
tions of cither system undoubtedly occurs, but such a dis- 
turbance is hardly worthy of the dignity of being classed as a 
delinite pathological state. 

Hypertitykoidism 

Apart from observing the signs and symptoms of hyper- 
thyroidism, which are typically seen in Graves’ disease, there 
are additional methods of investigating a ease in which 
over-activity of the thyroid gland is suspected. One is the 
determination of the basal metabolic rate, which is increased 
in such a lesion. That has already been described in Chap- 
ter VII. Read (4) has also introduced a method for calcula- 
tion of the R.M.R. from observations of the pulse rate and 
pfiLsc pressure. This and the Go(*tsch test will now be 
discusshd. 

Bead’s Formula for Calculatmg Basal Metabolism in 
Hyperthsrroidism. — Read (4) in 1922, introduced a forimila 
to establish a relationship between the pulse rate and pulse 
pressure, and the basal metabolic rate in cases of hyper- 
thyroidism. He found, as the result of observations made 
on a scries of 300 cases, that by estimating the pulse rate 
and pulse pressure under “ basal ” conditions the basal 
metabolic rate could be calculated with an error of only 
10% in 60% of cases, and of 20% in 91% of cases. This 
error may be either a plus or minus one. 

The formula is as follows : = 0*688 (P.R. -f 
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0*9 P.P.) — 71*5, where P.R. = ‘‘ basal pulse rate, and 
P.P. = “ basal ” pulse pressuYe, i.e., the difference between 
the systolic and diastolic blood pressure observed when the 
patient is kept under basal conditions such as arc* required 
for the estimation of the B.M.Tl. Generally speaking, in the 
absence of some gross cardio-vascular lesion such as aortic 
reflux or arterio-venous aneurysm, an increase in pulse 
pressure implies an acceleration of blopd flow througli the 
tis^es. Harris (5) considers that a combination of an 
increase in pulse rate and pulse pressure ^ly occurs in hyper- 
thyroidism. Davies and Eason (6) have recorded a scries of 
obsf^iVations on basal nretabolism, pt^sie rate and pulse 
))re$surc. They find that an incrcasc^dj^ilse* pressure is a 
characteristic feature of hyperthyroidism, |vhcreas in un(*om- 
plicated hypothyroidism there is a fall in p|ils(* pressure. We 
have tested the formula on several occasibns, and lind that 
the figure obtained usually corresponds fairly closely with the 
B.M.R. as actually estimated. The following is an example 
from one of our cases. 

Male with Graves’ disease. Auricular fibrillation removed 
by quinidinc. P.R. =95. P.P. = 75 (135 60). 

B.M.R. = 0 G83 (95 + 0-9 X 75) - 71*5 

The basal metabolic rate as estimated by tlie Douglas bag 
method was + 4-0%. 

After double ligation of the suj)crior thyroid arteries the 
basal metabolic rate as calculated by Road’s formula fell to 
+ 22*7%, and as estimated by the Douglas bag method it 
-f 21%. The pulse rate on this occasion was 75, the 
systolic blood pressure 130, and the diastolic blood pressure 
60 mm. Hg. 

The Ooetsch Test ior Hyperthyroidism.^ -Emil (ioetsch (7) 
described this test in 1918. In hyperthyroidism the patient 
is believed to be unduly responsive to adrenalin injections, as 
the result of the tliyroid secretion sensitising the sympathetic 
nervous system. 


H.Jl.M. 


14 
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Experimentally it was shown by Levy (B) in 1916 that in 
cats adrenalin injection raises the blood pressure three 
four times as much if the cervical sympathetic be stimulated, 
as is the case without stimulation of the nerve. This was 
thought to be due to nervous stimulation of the thyroid, and 
does not take place if it has been previously removed. 

The test is carried out as follows : The i>atjent should be 
at rest in bt‘d for at least tw^o hours, and preferably for 
twenty- four hours previously. He should be assured that no 
danger or pain is involved in the test. The syvStolic and dias- 
tolic blood pressures, together with the pulse atid respiration 
rates, are then taken at intervals of five minutes until con- 
stant readings are obtained. A record should also be made 
^ of such symptoms as pulsation or throbbing of the arteries, 
and sensations of heat or cold. Such signs as the size of the 
pupils, the presence of sweating, tremors, and marked 
arterial pulsation in the neck should also be noted. 

An injection of* 0*5 c.c. (8-5 m.) of 1/1000 solution of 
adrenalin chloride is then given subcutaneously over the 
deltoid. A fine sharp needle should be used to cause as little 
pain as possible. 

Observations on the systolic and diastolic blood pres- 
sures, the piils(‘ and respiration rates, and the symptoms and 
signs a^; recorded above, arc then made, at the following 
inter\7ils : — 

Every 2i minutes for 10 minutes == 4 observations. 

Every 5 minutes for 50 minutes — 1 0 observations. 

Every 10 minutes for 60 minutes — 6 observations. 

T/ie^ positive reaction shows the following characteristics t 
A rise within hve njinutes of the systolic blood pressure of 10 
to 50 mm. Hg. A similar early rise of the pulse rate of 20 or 
more beats a minute. An early fall of the diastolic pressure 
of about 10 mm. Hg. After about half an hour the pulse rate 
and systolic blood pressure fall somewhat, and this is fol- 
lowed by a secondary rise of both to a lesser degree. In about 
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one and a half hours the blood pressure and pulse rate have 
returned to their initial levels. Usually any symptoms of 
hyperthyroidism present are exaggerated after the injec- 
tion, and others may appear. These include an early pallor, 
followed after half to one hour by flushing, sweating and 
arterial pulsation. Respiration may early become slow and 
deep, and later increase in rate and diminish in depth. Pre- 
mature systoles may appear. Nervou#; excitement may be 
marked. Various degrees of positive lotion are obtained, 
but a rise of at least 10 boats a miriuW|M tlic pulse, and an 
increase of at least 10 mm. of systol^||ressure, should be 
obtained, with a secondary rise followir|f!this, together with 
an intensification of the signs and ^^mptonis of hyper- 
thyroidism. ^ 

Value of the Test. — Goetsch docs not cfeim that all cases 
which give a positive reaction arc suffering IVom hyper- 
thyroidism, but he says that the test is “ an indicator of 
hypersensitiveness of the sympathetic nervous system ” (0). 
It is more valuable as a negative test, for cases which give a 
negative reaction in all probability arc not suffering from 
hyperthyroidism. It is of great importance to consider the 
symptoms, as well as the signs, before saying tliat a reaction 
is positive or negative, as an atypical reaction is occasionalty 
given by patients suffering from neurasthenia, or even by 
some normal individuals. It is also claimed by Goetsch that 
the test is more delicate than the determination of the meta- 
bolic rate, as in some eases of clinical hyperthyroidism the 
basal metabolic rate may be low. Observations by others show 
that the test is only of doubtful value. Thus Peabody (10) 
found a positive reaction in 11% of twenty-eight healthy 
medical students. Symes-Thompson (11) considers that the 
injection of adrenalin is not devoid of risk, owing to idiosyn- 
crasy to the drug in certain cases. This does not appear 
definitely to have been shown to be the case in the dosage 
recommended by Goetsch. 

Conflicting conclusions have also been published as to the 

14— a 



212 DISORDERS OF THE ENDOCRINE SYSTEM 


value of the Goetseh test as an aid to treatment. Thus 
Vaquez and Dimitraeoff (12) have employed it before, during 
and after treatment by X-rays. They found that it was very 
valuable for showing whether a case really was one of hyper- 
thyroidism requiring siieh treatment, and also observed that 
when sufficient treatment has been given the Goetseh test 
becomes negative. They regard it, therefore, as a most 
valuable adjunct, both to diagnosis and to treatment. 

Murray Ly®n (13), on the other hand, used the basal 
metabolic rate to control the results of treatment in Graves’ 
disease. In those cases of Graves’ disease which had im- 
proved by treatment, as judged by a fall in the basal meta- 
bolic rate, he did not find a corresponding diminution in the 
Goetseh reaction, but Goetseh had previously noted that a 
certain degree of sensitiveness to adrenalin persists after 
partial thyroidectomy. The general conclusion at present 
appears to be that a positive Goetseh test does not necessarily 
imply a state of hypeithyroidism. A negative Gcetsch 
reaction, however, is of value in excluding liypertliyroidism 
and in distinguishing it from the neuroses, with which it 
may easily be confused when present in slight degrees. 

Goetseh (7) has also described an mtradermic adrenalin 
test For this one minim of 1/4000 adrenalin chloride is 
injected intradcrmally. In cases of hyperthyroidism this is 
followed by the appearance of a pale area with a red peri- 
pheral zone. A state of goose flesh may be seen in the pale 
area, caused by stimulation of the erector pili muscles. The 
reaction persists for one and a half to two and a quarter 
hours. In a normal person the pale area is less conspicuous 
and the red areola is usually absent. Such a reaction only 
lasts for about half an hour. 


Adrenal Insufficiency 

The classical signs and symptoms of severe degrees of 
adrenal insufficiency were described by Addison (14) in 1855. 
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They include asthenia, pigmentation, gastro-intestinal dis- 
turbances, and a feeble pulse. The elinifal sphygmomano- 
meter was not invented at this time, but low blood pressure 
is now recognised as a classical sign of lesions of the adrenal 
glands. The aniemia originally described by Addison is not 
so constantly present. 

Lesser degrees of adrenal insufficiency are often believed 
to exist in various disorders, without giving rise to tlie c‘lear- 
eut })icture presented by a ease of Addi$l>n’s disease. Atten- 
tion was lirst drawn to such a state by^^fonle Sergent (15) in 
1808. No satisfactory tests for the p^Wsenee of such lesser 
degrees of hypoadrenia have been devdA4» following 

phenomenon is wx)rthy of considerationl;4- 

The White Line o! Adrenal Insufflcieiicpr (Sergent ). — Emile 
Sergent (16), in 1903, described a eutan^ons reaction which 
he considers is patliognomonic* of adrenal insuftieieney. He 
iirst observed it by elianee when testing for a tache cerelmile 
in a suspected case of meningitis. At the post-mortem 
examination the meninges were healthy, but the adrenal 
glands were the seat of easeous tulx'reulosis. 

The reaction consists in the appearance of a wliite line*, la 
llgne blanche surrenah\ on lightly stroking the skin of the 
abdomen. Careful attention should be ])aid to the technicpic 
of the test. According to Sergent, this is as follows : Ihe 
subject to be examined should be allowed to lie down’quietly 
for a quarter of an hour with the abdomen free and lightly 
covered. The figure of a square is then outlined around the 
umbilicus, using the rounded end of a fountain pen or the 
tip of the finger. No pressure must be exerted and no scratch 
must be made. The movement should be ‘‘ slow and delibe- 
rate.” If the reaction be positive a jmle line or band is 
seen after about thirty seconds. This is not preceded, 
accompanied, or followed by any red line. The white line 
gradually becomes more distinct and wide, and after about 
one to three minutes fades away. It inay be difficult to 
see in a bright light, in which ease it is rendered more- 
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distinct by shading the skin of the abdomen with the bed 
sheet. 

This reaction is extensively (|iioted in French literature^ 
but it has not been very generally adopted in England. An 
interesting investigation into the value of the test, and of its 
significance, has been carried out by Samson Wright (17) 
at the Middlesex Hospital, London. Adopting the strict 
Sergent teehniciue, Wright made observations upon a bun- 
fired medical students. The systolic and diastolic blood 
pr(‘ssurcs were also recorded in every case. The reactions 
f>btained fell into three groups : (a) a marked white line ; 
(/>) a definite white line ; (e) a negative response in which no 
white line resulted, or in which the white line was very faint 
or was })reeeded or accompanied by a red line. In this 
scries of controls 27% gave a marked positi\ e reaction, and 
a further 39% gave a definite reaction. Only 84% failed to 
respond to the test. The blood ])ressures showed no evidence 
of adrenal insufficiency in any of the groups. Wright 
therefore concludes that the “ white line has no j)atho- 
gnonionie significance.” 

There is also little sujiport to be obtained from experi- 
mental ])hysiology for a clinical syndrome due to slight 
degrees of adrenal insufllciency. Thus in animals, in which 
total extirpation of the adrenals causes death, no ill-effeets 
arc observ ed if a portion of one gland be left. 


Thk Invkstigation of Cases Presenting Symptoms 

OF I^ITIUTARY LeSIONS 

In a ease of suspected pituitary lesion the following 
investigations should be carried out : — 

Determination of the Fields of Vision and Examination 
of the Retinae. — Enlargement of the pituitary gland may 
give rise to a restriction of the visual field resulting in a 
bitemporal hemianopia. Other eye changes include primary 
optic atrophy and alterations in colour vision. The 8rd, 



PITUITARY LESIOm 215 

4th or 0th cranial nerves may be pressed on, with c^orre- 
sponding ocular palsies. 

X^ray Examination of the Skull. —The sella turcica 
may show definite elianges. These include thickening or 
erosion of the anterior or ]>osterior clinoid })r()ct\s,ses, and 
enlargement or diminution in size of the sella. The normal 
measurements are 11 to 35 mm. from before backwards, 
and 6 to 9 mm. deep. 

Betennination of Sugar Tolerance.— rThe blood sugar cur\'e 
after a test meal of 50 g. of gliiii^e is determined as 
described in Chapter III. In hypeifittuitarism there is a 
diminished sugar tolerance, as sliown^ a prolonged rise in 
the blood sugar after the meal, wherc|ia| in hypopituitarism 
the sugar toleraue(‘ is increased and th^ rise in blood sugar 
is less than normal after the meal. ^ 

The Basal Metabolism. — This ma|^ be increased in 
hyperpituitarism and diminished in hypopituitarism {vide 
Chapter Vll.). 

The Blood Pressure.— This may be iuereas(‘d in cases of 
hyperpituitarism and lowered in the rex erse condition. This 
relationship ^does not always hokl good. 

Cushing^s Thermic Reaction (18).- This is a test for 
hypopituitarism affecting the anteiior lobe. The )>atieiit 
must be in bed and ajiyrt'xial. 1 to 2 e.<*. of an extract of 
the anterior lobe of the pituitary of the ox is injeoted sub- 
cutaneously. A positive reaction, indicating hyj>opitui- 
tarism, is shown by a rise of temperature of oik^ or more 
degrees, and often marked sweating occurs. 

The Urine. — Diabetes insipidus may occur as a manifes- 
tation of hypopituitarism, in whieh ease the amount of urine 
secreted is markedly, although only tem})orarily, diminished 
by an injection of 1 c.c. of })ituitrin (extract of posterior lobe). 

These tests are (ihiefly of value in investigating eases of 
hypopituitarism, in whi(*h tl)e diagnosis is much more 
obscure than in ek'ar-cut examples of hyperpituitarism, such 
as acromegaly and gigantism. 
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CHAPTER IX 


THE HEART 

Ca 1U)IAC iRRKfiPr-AKlIpXS 

PoTAiN (1), in 18G7, obtained lra(1lig$ from tlie jugular 
vein in man. He used as a reeeiNd* of )iit^ j)nlsati()ns a glass 
funnel whieli was eoiinected by a nibb^|tnbe witli a Marey 
sphygniograpb, and recorded ai the sanie|tim(' tracings from 
the apex beat, carotid and radial arteries. In 1892 Sir James 
Mackenzie (2), using a small metal cup asia receiver, devised 
the instrument originally called a phlebograph, by means of 
which simultaneous tracings of the pulsations of tlie jugular 
vein and radial artery were obtained. The records W{T(‘ 
taken upon smoked paper, but by the use of inked pcjis the 
])resent-day polygraph has been evolved. 

Our knowledge of the essential nattire of tfie different 
forms of cardiac irregularity is mainly due to Sir James 
Mackenzie's pioneer work with this instrument, by means of 
which he obtained records rc))rcsent ing the activities both 
(;f the auricle and of the ventricle. Further light has bec^n 
thrown upon this subject and u])on myocardial disonlcrs 
by the use of the elcctrocardiograpli. 

The chief varieties of cardiac irregularity arc as follows : 
(1) Sinus arrhythmia; (2) premature systoles; (3) heart- 
block ; (4-) auri(*ular flutter ; (5) auricular librillation ; 

(0) paroxysmal tachycardia ; and (7) pulsus alternuns. 

The Polygraph 

This is an instrument for obtaining simultaneous records 
of pressure changes in the jugular vein and the brachial or 
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value of the Goetscli test as an aid to treatment. Thus 
Vaquez and Dimitraeoff (12) have employed it before, during 
and after treatment by X-rays. They found that it was very 
valuable for showing whether a ease really was one of hyper- 
thyroidism requiring such treatment, and also observed that 
when sufficient treatment has been given the Goetsch test 
becomes negative. They regard it, therefore, as a most 
valuable adjunct, both to diagnosis and to treatment. 

Murray Lyon (13), on the other hand, used the basal 
metabolic rate to control the results of treatment in Graves’ 
disease. In those cases of Graves’ disease which had im- 
proved by treatment, as judged by a fall in the basal meta- 
bolic rate, he did not find a corresponding diminution in the 
Goetsch reaction, but Goetsch had previously noted that a 
certain degree of sensitiveness to adrenalin persists after 
partial thyroidectomy. The general conclusion at present 
appeans to be that a positive Goetsch test does not necessarily 
imply a state of hyperthyroidism. A negative Geetsch 
reaction, however, is of value in excluding hyperthyroidism 
and in distinguKshing it from the neuroses, with which it 
may easily be confused when present in slight degrees. 

Goetsch (7) has also described an mtradermic adrenalin 
teM, For this one minim of 1/4000 adrenalin chloride is 
injected intraderm ally. In cases of hy])erthyroidism this is 
followed by the appearance of a pale area with a red peri- 
plieral zone. A state of goose flesh may ])e seen in the pale 
area, caused by stimulation of the erector pili muscles. The 
reaciiou persists for one and a half to two and a quarter 
hours. In a normal person the pale area is less conspicuous 
and the red areola is usually absent. Such a reaction only 
lasts for about half an hour. 

Adrenal Insufficiency 

The classical signs and symptoms of severe degi’ees of 
adrenal insufficiency were described by Addison (14) in 1855. 
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They include asthenia, pigmentation, gastro-intestinal dis- 
turbances, and a feeble pulse. The clinical sphygmomano- 
meter was not inv ented ut this time, but low blood pressure 
is now recognised as a classical sign of lesions of the adrenal 
glands. The ana?mia originally described by Addison is not 
so constantly present. 

Lesser degrees of adrenal insufficiency are often believed 
to exivSt in various disorders, without giving rise to the clear- 
cut picture presented by a case of Addi^n’s disease. Atten- 
tion was first drawn to such a state by Spiilc Sergent (15) in 
1898. No satisfactory tests for the pi^Ciicc of such lesser 
degrees of hypoadrenia have been dev is^, but the following 
phenomenon is worthy of considerationl:4- 

The White Line of Adrenal Insufficiehcf {Serpent ). — Emile 
Sergent (16), in 1903, deseribed a cutartepns reac*tion which 
he considers is paihognonionie of adrenaf, insnffieicney . He 
first observed it by chance when testing for a tache cerebrate 
in a sus})ected ease of meningitis. At the post-mortem 
examination the meninges were healthy, but the adrenal 
glands were the seat of caseous tubercailosis. 

The reaction consists in the appearance of a white line, la 
li^ae blanche surrmale, on lightly stroking the skin of the 
abdomen. C-areful attention should be paid to the technique 
of the test. According to Sergent, this is as follows : 'I’lve 
subject to be examined should be allowed to lie down* quietly 
for a quarter of an hour with the abdomen free and lightly 
covered. The figure (jf a sejuare is then outlined around the 
umbilicus, using the rounded end of a fountain pen or the 
tip of the finger. No [ircssure must be <‘xerted and no scratch 
must be made. The inov einent should be “ slow and delibe- 
rate.” If the reaction be iiositive a pale line or band is 
seen after about thirty seconds. This is not preceded, 
accompanied, or followed by any red line. The white line 
gradually becomes more distinct and wide, and after about 
one to three minutes fades away. It may be difficult to 
see in a bright light, in which case it is rendered more- 
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distinc^t by shading the skin of the abdomen with the bed 
sheet. 

This reac*tion is extensively quoted in French literature, 
but it has not been very generally adopted in England. An 
interesting investigation into the value of the test, and of its 
significance, has been carried out by Samson Wright (17) 
at the Middlesex Hospital, London. Adopting the strict 
Sergent techniciue, Wright made observations upon a hun- 
dred medical students. The systolic and diastolic blood 
jiressures were also recorded in every case. The reactions 
obtained fell into three groups : (a) a marked white line ; 
(/>) a definite white line ; (c) a negative response in which no 
white line resulted, or in which the white line was very faint 
or was preceded or accompanied by a red line. In this 
series of controls 27% gave a marked positive reaction, and 
a further 39% gave a definite reaction. Only 84% failed to 
respond to the test. The blood pressures showed no evidence 
of adrenal insufficiency in any of the groups. Wright 
therefore concludes that the “ white line has no patho- 
gnomonic significance.” 

There is also little support to be obtained .from experi- 
mental physiology for a clinical syndrome due to slight 
degrees of adrenal iiisufiieiency. Tims in animals, in which 
total extirpation of the adrenals causes d€*ath, no ill -effects 
arc observed if a portion of one gland be left. 


The Investigation of Cases Presenting Symptoms 
OF Pi'Tun’ARY Lesions 

In a case of suspected pituitary lesion the following 
investigations should be carried out : — 

Determination of the Fields of Vision and Examination 
of the Retinas. — Enlargement of the pituitary gland may 
give rise to a restriction of the visual field resulting in a 
bitemporal hemianopia. Other eye changes include primary 
optic atrophy and alterations in colour vision. The Brd, 
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4th or 6th cranial nerves may be pressK^d on, with corre- 
sponding ocular {)alsics. 

X«>ray Examination of the Skull. -The sella turcica 
may show d<‘linite (‘luxngcs. These include thickening or 
erosion of the anterior or ]K)sterior elinoid ])ro(‘esses, and 
enlargement or diminution in size of the sella. The normal 
measurements are 11 to 15 mm. from before backwards, 
and 6 to 9 mm. deep. 

Determination of Sugar Tolerance. -Tlie l)lood sugar curve 
after a test meal of 50 g. of gluc<tee is determined as 
described in Chapter III. In hyper|^<initarism there is a 
diminished sugar tolerance, as shown hyi a ]>rolonged rise* in 
the blood sugar after tlie meal, wla rc^ in liypopituitarism 
the sugar tolerance is increased and tljiel rise in blood sugar 
is less than normal after tlie meal. , 

The Basal Metabolism. This nuiy be increased in 
hyperpituitarism atid diminished in hyj)opituitarism {vide 
C'hapter Vll.). 

The Blood Pressure. This may he increased in eases of 
hyperpituitarism aiid lowered in th(‘ reverse condition. This 
relationship does not always hold good. 

Cushing^s Thermic Reaction (18). -This is a test for 
hypopituitarism affecting the anleiior lolie. The patient 
must bo in bed and apyrexial. 1 to 2 e.e. of an extract of 
the anterior lobe of the pituitary of the ox is iii|(*oted sub- 
cutaneously. A positive reaction, indicating hypopitui- 
tarism, is shown by a rise of temperature of one or more 
degrees, and often marked sweating oeeurs. 

The Urine.— Dialxles insijiidus may occur as a manifes- 
tation of hypopituitarism, in which ease the amoimt of urine 
secreted is markedly, although only tcm})orarily, diminished 
by an injection of 1 e.e. of pituitrin (extract of posterior lobe). 

These tests are chiefly of value in invesStigating eases of 
hypo})ituitarisni, in wliieh the iliagriosis is much more 
obscure than in clear-cut examples of hyperpituitarism, vSU(»h 
as acromegaly and gigantism. 
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THE HEART 

CaK 1)1 AC I UHl’fi 11 LA IHtps 

PoTAiN (1), in 1807. ol)tainc(l tradi^gi from the jii<,nilar 
vein in man. He used as a receiver ofifti pulsiitioiis a glass 
funnel which was eonnected hv a nihbejr |ul)e with a Marey 
sphygniograpli, and recorded at llie sanfc|tinie tracings from 
the apex beat, carotid and radial arteries. \ In 1S92 Sir James 
Mackenzie (2), using a small metal cuj> as'^a receiver, devised 
the instrument originally called a phlebo^a[)h, by ineans of 
which simultaneous tracings of the pulsations of the jugular 
vein and radial artery were obtained. The records were 
taken upon smoked pa])er, but by the use of inked j)ens the 
])resent-day polygraph has been evolved. 

Our knowledge of the essential nature of the different 
forms of cardiac irregularity is mainly due to Sir James 
Mackenzie’s pioneer work with this instrument, by means of 
which he obtained records re])resenting the activities both 
of the auricle and of the ventri(‘le. Furt her light has been 
thrown upon this subject and upon myocardial disorders 
by the use of the electrocardiograph. 

The chief varieties of cardiac irregularity are as follows : 
(1) Sinus arrhythmia; (2) premature systoles; (8) lu^art- 
block; (4) auricular flutter; (5) auricular fibrillation; 
(6) paroxysmal tachycardia ; and (7) pulsus altcrnans. 

The Polygraph 

This is an instrument for obtaining simultaneous records 
of pressure changes in the jugular v^ein and the brachial or 
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radial artery, and so indirectly of the contraction of the right 
auricle and left ventricle. There are three main varieties ^ 
instrument : (1) The original ink polygraph of Mackenzie ; 
(2) the Mackenzie-Lewis modification ; (8) the Jacquet poly- 
graph. The principle is the sarhe in each, A receiver ^ or 
hollow metal cup, placed over the internal jugular vein, 
transmits the pressure changes along a nibber tube to the 
writing tambour which is eoniUMited with a pen. The altera- 



Fto. 8 . — The Jacquet Polygraph. 


tions in pressure ehauges in the radial or brachial artery are 
communicated to a tambour or glycerine pelote, held in 
position by a suitable armlet. These are transformed by 
means of another writing tambour into movements of the 
pen. The inked pens record upon a strip of paper which is 
meclianically propelled by clockwork at a rate which can be 
varied at will. Time markings in fifths of a second are also 
shown by a small pen. 

An illustration of the Jacquet polygraph appears above. 

In this instrument there are three writing pens which 
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allow of the simultaneous record of tracings from the jugular 
^ein, cardiac apex beat and radial artery. The respiratory 
movements can be recorded in ])la(‘C‘ t)f one of tlic j)reeeding 
tracings. The small metal pens arc* alwa>s in position for 
writing and do not re<piire adjustment (*aeh time tlie ]>oly- 
graph is used, as is the* ease with the Mackenzie and 
Mackenzie-Lcwis instruments, (blourcd ink is })lae(‘d in 
the groove of the pens, and care must be taken that the 
ink is not in such amount as to run up to the joint of the 
pen, as this may cause sul)se(pu‘nt stiffi^ss. 


The I '^se of the Insirwrit^t 

The patient should he lying down eonrf<|rtahly, with all the 
muscles relaxed and the head supported Min a pillow. Tin* 
metal splint is adjusted so that the pad of the metal spiing 
rests directly over the radial artery, and the wrist tambour 
IS ])laeed in position o\cr it. The pressure is altensi by a 
s<*rew until a satisfactory movement of the corresponding pen 
is obtained. The venous receiver is then placed in jiosition 
over the right internal jugular vein, at tlxe le\cl of the 
jugular bulb, tlie ucek being slightly flexed and turned to 
the left. The receiver should be pla(*ed just above lh<‘ 
clavicle and about one inch external to the sterno-elavicuhir 
joint. It is held lightly in close ajiposition to the skin. 
When oscillations of an aiipropriate size are obtained, the 
clockwork is set in action, and the tracing taken. The most 
favourable spot for a venous tracing varies in different 
individuals, especially if tlic sternomastoid be rigid. When 
a sufficient length of tracking has bt‘en procured, the (‘lock- 
work is stopped and (*orr(‘spondjiig jKHiits upon the vi'iums 
and arterial tracings marked by moving the pens with 
the finger. It is important that these ordinates sliould be 
marked at the beginning ami (‘iid of the tracing, or at 
a space of every twelve inches, to ensure suitable lengths for 
measuring. 
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Interpretation oj the Tracing 

The venous or jugulo-earotid curve shows normally three 
main waves in each cycl<‘ wliich are termed the a, c and v 
waves. The interpretation of the underlying causes of their 
production is open to discussion. The most generally 
accepted theory is that the a wave corresponds with auricular 
systole, the c wave with early ventricular systole, being 
transmitted from the neighbouring carotid. The v wave 
corres[)ojuls with the last phases oJ' ventricular systole just 
bc<“ore tlx* opening of the aurieiilo-vcntriculav valves, the 
summit of the wave occurring at the tinjc of their oi)enijig. 
The waves on th(‘ venous curve arc identihed as follows : — 
The c W 'avc.- ~ With a pair of dividt;rs measure back 



from the fixed point (ordinate) ,r on tlu' radial curve to the 
commencement of any radial upstroke such as k (sec Fig. U). 
Place tlie dividers, extended to this distance, on the time 
marking and open them further to the distance occupied by 
(me half of one of the divisions of the time marker, i.e., 1/10 
second. This addition is included to allow for the time taken 
for the arterial wave to pass from the aorta to the wrist. 
With the dividers adjusted to this distance, place one 
point on the fixed point (ordinate) y on the venous curve, and 
the otlier point directed backwards along the venous curve 
will fall on the commencement of a c w'ave. Other c waves 
on the curve can be identified by taking the distances on 
the radial curve from the fixed point x to other radial up* 
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strokes, and again adding the distance occupied by 1/10 
second, and plotting off this Icngtl) upon the venous curve. 

The V Wave , — One point of the dividers is placed upon 
the ordinate .r, and the distance measured back to tlic bottom 
of any dicrotic notch on tlie radial tracing. This distance 
transferred to the venous tracing, with one point of the 
dividers placed on the ordinate and the other direded back- 
ward, will fall on the summit of a t? wave. The summit of 
the V wave occurs approximately second after the 





beginning of the c wave and has a. constant relation to it. 
Other waves can be similarly idciitilic'd. 

The a Wax^e, — This is the wave immediately preceding the 
c wave, and occurring in ventricular diastole. ' 

In addition to these three waves, in some normal venous 
tracings when the heart is t)eating slowly, a fourth wave 
may occur. It is known as the h wave or the h wave, and is 
seen in diastole usually just before the a wa\’e (see Fig. 0). 
It corresponds in time with I hi* oeeurrence ol* a third heart 
sound, and is thouglit to be rclat('d to a sudden closure of 
the auriculo- ventricular valves. 

In the normal tracing the a, v and v \va\'es are all present, 
the a waves recur at regular inter^’als, and the a-c interval is 
not more than 1 /5 second (sec Fig. 0). 

In the cardiac irregularities variations from the typical 
tracings occur which are illustrated in the following 
examples : — 

Sinus Arrhythmia* — The irregularity is due solely to 
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alterations in the length of diastole, which may show a close 
correspondence with respiration, shortening during inspira- 
tion and lengthening during expiration. In the venous 
tracing the only variations, therefore, are in the length of the 
a intervals (sec Fig. 10). 

Premature Systoles. — These are of three main varieties, 
auricular, nodal and ventricular, of whicti tlie latter con- 
stitute about 70%. 

Auricular , — The prcjnaturo auricular systole, marked a' 
in the venous curve, occurs earlier than normal. It may be 
fused with the preceding v wave, and is then of greater 
amplitude than the ordinary a wave. The premature a wave 
is followed l)y premature c and t’ waves, marked c' and v\ 



Radval 

Fxg. J I. - Auricular Premature Systole. 


The pause in the radial tracing following the premature 
auricular systole is not (piite compensatory, the next beat 
occurring earlier than it is due in the normal rhythm (see 
Fig. 11).' 

Nodal , — The stimulus for the premature contraction arises 
in the a~v node or junctional tissue, and the auricle and 
ventricle contract simultaneously. The a and c waves are 
therefore fused, but the resulting large wave ca occurs earlier 
in the cardiac cycle than a normal a, wave would do. 

The pause in the radial tracing following the premature 
beat is not usually fully compensatory (sec Fig. 12). 

Ventricular , — entricular premature contractions occur 
most frequently simultaneously with the normal auricular 
contraction ; they may take place just before, or just after 
auricular systole, but in the latter case earlier tlian normal. 
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The pause following the premature beat is fully compensa- 
tory. 

A tracing showing the first variety of premature ventri- 
cular systole is shown, the premature eontraetion r' is fused 
with the auricular contraction, but the large combined c' a 



FiO. 12- — Nodal Premature Syntoles. Jiigvdfil Iraeing shows Jar^e 
waves dtie to simultanf'ous premature eoiiraetion of auricle 
and ventricle. ^ 

! 


wave resulting occurs at the inoiuent that an a wave is (liic, 
and differs therein 1‘roin the eoinbined vd waves oecurriiig 
in nodal premature systoles (see Fi|;>. 13), 

Heart-block. — In the early grades of this condition there' 
is delay in the conduction of the excitatory wa>'c from the 
auricle to the ventricle, /.c., in the vc'iious tracing the a~c 



Fio. 13. — Ventricular Promutu re Systoles. W iitruMilar prematuri' 
contractions t)cc*ur at the same* tinier as the uormal auricMilar 
contractions, giving a single large wave {v'a). 


interval is more than 1/5 second (see Fig. 14). The next 
grade is shown by the occasional failure of the ventricle to 
respond to the auricular stimulus, in which case the c and v 
waves do not appear from time to .time, the a-c inter\*al 
usually increasing up to the time of the dropped beat. The 
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third grade is that in which the ventricular beats are absent 
in a regular sequence* either every fourth, third or second 
eontraetioii being missing (sec Fig. 15). The terminal stage 
is complete dissociation between the auricle and the ventricle, 
the* latter beating at its own indej>endent rhythm of about 
30 (contractions a minute. In this case in the venous tracing 




Jugular 



Fi(i. 14. — H(‘art-bl()ck. Grade 1. iiik^rval exccedH J second 


a waves occur at regular intervals, but they may precede the 
c waves, coincide with them, or follow after them (see 
Fig. 10). 

Auricular Flutter, — In flutter the auricle contracts rapidly 
and regnlarly, the wa\’e probably })ursiung an abnormal 
circ\ilar conrs(‘. There is \isually lu^art-block, the ventricle 


ysSec 




Fi(j. 15. “2 “ 1 Hoart-bl(K'k. Auricular rato - 02 per minute. 
V'entricular rate - 40 per minute. 

responding to e\'ery other auricular contraction, or any othc'r 
degree of block may be jiresent. The ventricular rate is about 
100, and may be r(^gular or irregular. The auricular rate is 
regular and about 200 to 350. The onset and cessation are 
sudden, but the eoudition may last for an indefinite period. 

The venous curves in auricular flutter are variable, and it 
may be impossible to recognise the condition by the poly- 
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graph. The auricular contractions may be too feeble to 
cause a wave, or the a waves may be seen separately, or ftised 

/5 5«. 


Jugular A < ^ 



FlO. 16. — 'Complete Heart -block. A'cntiicuIarifAti' -- 27 j>er jninut>o. 
The pulse is regular. Auricular rate W l|){) per minute. 

with c or V waves. The venous traeirtg i|iay therefore show 
a succession of a waves, most marked trl diastole when the 


Jugular 



Kio. 17. -Auricular Flutter. Jugular abows regular s(‘rit‘S of a waves, 
rate 350 per muiiite. Radial Is com[)let('ly irrogulai*. 


^'elltricle is beating’ slowly, and larger waves due to fusion 
with c and z? waves may oi^eur (see Fig. 17). • 

Auricular Fibrillation. — Here tJiere is no true alirieiilar 



Fia. 18. — ^Auricular Fibrillation. Jugular shows ventricular type of venous 
pulse. No a waves are present. Tbt‘ pulse is completely irregular. 


systole, as the auricle remains in a state of diastole with 
flickering muscular contractions^ The ventricular res})onsc 
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to the auricular stimuli is irre^^ular, both in rhythm and in 
intensity, but the contractions usually occur more frequently 
than in a normally beating heart. In the venous curve the a 
waves are absent, or are represented by a few flickers during 
diastole, and the c and v waves are quite irregular in time and 
force. This constitutes the ventricular type of venous pulse 
(see Fig. 18), 

Paroxysmal Tachycardia. — The stimulus for the cardiac 
contraction occurs at an abnormal site, in the auricle, the 
A~\ node, or the ventricle. 

Simple Paroxysmal Tachycardia, {Auricular), — The pulse 
rate is usually betwc(*n 140 and 180, and is not affected by^ 
exertion or by lying down. The tachycardia starts and 
ceases abruptly. The impulse arises at a new focus in the 
auricle. The a wave is often fused with the preceding v 
wave. 

Paroxysms of Flutter or Fibrillation , 

Nodul Tachycardia. — The auricles and ventricles contract 
simultaneously. The a-c interval is less than 1/5 second, or 
the a and c waves are fused. 

Ventricular Tachycardia , — A rare condition due to a series 
of ectopic ventricular systoles. 

^ Pulsus Aiternans. — The ventricular rhythm is regular, but 
alternate contractions are large and small. The radial pulse 
rhythm is usually not quite regular, the pause following the 
large beats being slightly greater than the pause after the 
small beats. The waves usually occur in normal sequence in 
the venous tracing. 

Pulsus aiternans may also occur in auricular flutter, or 
with a series of premature systoles. The regularity of 
the ventricular rhytlim distinguishes the condition from 
pulsus bigeminus, due to a regular series of premature 
systoles. 

When occurring apart from paroxysmal tachycardia, ie., , 
in pulses of normal rates, it is an indication of deficient 
muscular contractility, and is of grave signiflc^mce. 
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The Electrocardiograph 

The electrical currents produced by the contraction of the 
human heart were lirsi recorded by Walh'r (;3) in 1887 by 
means of the ca})illary electrometer.. With this instrument 
the movements of a line column of mercury are photographed 
on a moving plate. 

The string galvanometer was later mtroduecd by Einth- 
oven (4) in 1903, and modifications it arc now known 
as the electrocardiograph (see Fig. 19)^ 'The electrocardio- 
graph consists essentially of a thin sfrt|iered (juartz fibre 
(GG) running between the })oles of a! powerful electro- 
magnet (NS) placed very closely togfetiier. The fibre is 
(‘onnccted by two leads with I he bodv’f siirfaec' (RA and 
LL). When tlu' heart contracts a eu^’cnt is generated 
which spreads to the skim and is ])iekcil up by. the non- 
polarisable electrodes attached tf) the leads. This current 
causes a miunte de\ intiem of the gab aiK mu ter fibre, wliose 
shadow is magnified and }>hotogra])hed U})on a moving plate. 
The amplitude of the deflection of tlu* fibre fims produced 
can be varied by altering its t(‘nsion, and Einthoven’s stan- 
dard is usually adopted in order that (‘omparablc results may 
be obtained. With a niagnitieation (»f 150 diameters a diff<ir- 
ence of potential of one millivolt should cause a deflcf'tion of 
1 cm. of the fibre shadow . 

In addition to th(‘ standardiser, which is used as described 
to correct the fibre tiaision, the eleetroeardiograpb contains 
also a compensator (G), by means of which a eurrent can 
be introduced into th(‘ em*uit to neutralise currents arising 
from the skin. A switch eonnetds the galvanometric fibre 
with any two of the three electrodes which are in contact 
with the two hands and left foot of the patient. 

Simple electrodes, consisting of a zinc cylinder covered 
with a flannel bag soaked in warm saline, are convenient. 
The hands, or hand and foot, are inserted into these, the 
bags being kept in position by tapes, and the saline is pre- 

16 —* 
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D = source of current. 

*Si to S4 = shunt for short circuiting Tarying proportions of current in galvanometer circuit. 
By moving key Eo to one millivolt is inberted in the circuit. 

B = battery. 

R = re.sistance in compensator circuit. 
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vented from evaporation by means of a rubber sheet whicli 
is wrapped around. 

The leads usually adopted are as follows : — 

Lead I (transverse). Right and loft hands. 

Lead II (axial). Right hand and left foot. 

Lead III (left lateral). Left hand and Icd't foot. 

Curves representing the changes in pot(‘ntial caused by 
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“ Vhnintl lUeotr^icariliography.' 
Ku^. 20. — Norma! Elect moardiogram. 


the heart’s beat are pliofographcd, one below the other, on 
the same plate. A single beat from the normal heart shows 
the following waves (see Fig. 20) : — 

P is due to auricular systole, and constitutes the auricular 
complex, QBST occur during ventricular systole, and con- 
stitute the ventricular complex. Q and S arc often absent. 
T-P represent diastole. 

Certain time relations are important : — 

The P-R interval is normally 0*14 second. Prolongation 
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of this indicates delay in conduction in the A-V node or the 
upper part of the bundle of His. 

The QRS interval is normally just under 0*10 second. Pro- 
longation of this occurs in the various grades of heart-block 
and in ectopic ventricular beats. 

The R-T interval is normally 0*82 second. Prolongation 
of this occurs especially in complete A-V block. 

The QRST curves are produced by currents originating 
in the two ventricles, and represent the algebraic sum of the 
waves produced by tlie two ventricles contracting separately. 
Hy division of one or the other of the two main branches 
(right or left) of the A-V bundle, the curves produced by the 
contraction of each ventricle beating separately can bo 
studied, and it is then found tliat in lead I, Q originates in 
the left ventricle, R chiefly in the hd't vcJitricle, whereas in 
lead HI, Q ()riginates in the right ventricle, R chiclly in the 
right ventricle, and S in the left ventricle. 

The clinical importance lies in the investigation of bundle 
branch lesions which arc referred to later. 

The characteristic* appearance of the deflections in the 
three leads should now be studied (sec Fig. 20). The R wa\'c 
is normally greatest in lead II, and R^ and R3 are together 
approximately ecpial tc:» Rg. (The figures below the waves 
indicjate the leads in which the waves occur.) The P and T 
waves are also \asually larger in lead 11 than in leads I or 111. 

The Significance of certain Alterations in the Form of the 
Deflections.- -The P Wax^e . — This may be inverted, indicating 
that the impulse t)rigiuates at a new focus in the auricle (at 
times in the A-V node as in paroxysmal tachycardia and in 
nodal extrasystolcs). The P wave may be absent, or replaced 
by a small series of osoillatiojis of a fine or coarse variety, as 
is seen in auricular fibrillation. It may be abnormally large 
and notched, indicating auricular hypertrophy, as may occur 
in mitral stenosis. P3 may be greater than Pg as may be 
seen in auricular flutter. 

The R Wave . — A maximum R wave in lead I indicates 
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left-sided ventricular preponderance. In rij^ht-sided hyper- 
trophy, the R wave is greatest in load III. 

Normally the left ventricle is 1-S times heavier than the 
right. 

The S Wave , — A maximum S wave in lead I indicates 
right-sided ventricular pre{K)nderaiK‘c, whereas a maximum 
S wave in lead III is a 


sign of left-sided veritri- 
('ular hypertrophy. 

The T Wave. — Ac- 
cording to Cowan and 
Ritchie (5) a positive Tj 
wave itidicatcs that at 
the end of ventricular 
systole the right ven- 
tricle is prepojiderant 
o\Tr the left, whereas 
a negative wave 

implies the reverse con- 
dition. This view is not 
universally accepted, 
and by some it is held 
that the Tg wave is of 
great importance as 
indicating the condi- 
tion of the ventricular 



\UtnH' •* ('limral EletirovanHography:* 
Pio. 21. -~J)cfootive Conduction in Loft 
Branch of the Bundle. 


muscle. A negative Tg wave is always pathological and 
a negative T|^ wave frcfjucntly indicates a j)athological 


condition. 


Prolongation of the QRS Cofnplex . — In the condition 
known as bundle-branch block, the right or left branch ol the 
bundle of His is impaired and fails to conduct. The QBS 
complex is prolonged or spread out, and lasts longer than 
the normal maximum of OTO second. The R wave may be 


notched. The T wave is in the opposite direction to the main 
initial deflection (R or S), and is usually of a greater ampli- 
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tude than normal. The ventricular complex is therefore 
diphasic. 

Branch Bundle Block. — The main initial deflection 
(Sj) is negative in lead I and positive (Rj) in lead III (see 
Fig. 21). 

Ri ght Branch Bundle Block. — The main initial deflection 

(Bi) is positive in lead I 
and negative (S^) in lead 
111 (see Fig. 22). 

The QBS complex is 
also prolonged in intra- 
ventricular blocks in which 
the terminations of the 
bundles in the ventricular 
subendothelial tissue are 
destroyed. The B wave 
is also often notched. 

In congenital dejrtro- 
cardia all the waves in 
lead I are inverted, 
whereas lead II may 
represent the normal lead 
III, and vice versa. 

Absence of the PET 
Complex . — This occurs in 
sino-aurieular block, in 
which the stimulus arising in the S A node at times fails 
to cause a contraction of the auricle. The whole he 4 irt, 
therefore, misses a beat, but the succeeding contraction 
occurs at approximately the normal interval. This is not 
necessarily a serious condition (sec Fig. 23), 
jIn addition to the light which the electrocardiograph 
throws upon the condition of the myocardium and conducting 
tissue, the various types of cardiac irregularity previously 
described in the section dealing with the polygraph can be 
accurately determined. 



[Lams' " Clinical Jbllcctrocardnn/raphy." 
Ki<\ 22.-- Defective Conduction in 
Right Branch of the Bundle. 




[J.f(nK' “ ('Unkal fShdnicardmjraithy'' 
Fxa. 24." Premature Auricular Systole. 

usually of normal typo. The Premature P wave may occur 
so early in diastole tliat it fuses with the previous T wave. 

Usually the diastole following the premature beat is not 
fully compensatory. 

Nodal , — The premature impulse arises in the junctional 
tissue uniting the auricle and ventricle, i,e., in the A~V node 
or the A-V bundle before division. The ventricular contiac- 
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tiow limy occur just before tiie auricular, but is seen 
to be su])ra-ventrieular in origin because the QRS complex 
is of normal appcmrance (see Fig. 25). 

Ventricular,— A premature stimulus arises in the ventricle 



below the division of the main A- V bundle. The jirematurc; 
ventricular eom])lcx resulting has th(‘ same duration as a 
nornial ventricular complex, but its form is altered, the 
initial delk‘ctions of th(‘ premature 
beat bcii\g larger than normal. The 
auricular waves occur at regular 
intervals, and may be fused with 
the premature ventricular deflec- 
tions, or appear just after them. 
The premature ventricular beat is 
followed by a prolonged diastole and 
the succeeding pause is thus fully 
compensatory. 

Left Ventricular Premature Con- 
tractions. —Lead I. The premature 
contraction is shown by an upward, 
followed by a downward deflection. 

Leads II a?id III. The premature beat is shown by a 
downward, followed by a smaller upward deflection (see 
Fig. 26). 

Right Ventricular Premature Contractions* — The appear- 





[Lems' “ dlinical Elect r ocard io- 
(irap/iff." 

Fic. 26.- “Premature Syn- 
tola arising in tho Left 
Ventricie, 
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anee in the leads is the reverse of that which is seen in pre- 
mature contractions originating in the left ventricle (see 
Fig. 27): 

Heart-Block. — Various degrees of impairment of eonduC' 
tivity of the heart muscle can be distinguished by the 
electroca rdiograph . 

Slight — Prolongation of tJie P R interval to more tlian 
0-2 second. 

Occasianal Dropped Beats. — ^The P-R interval gradually 
becomes longer until, linally, the veutj^cnlar complex fails 
to follow its preceding auricular 
complex. The P waves are (piite 
regular, but the vejjtrieular com- 
plexes occur at different intervals, 
and tlie P and T waves may at 
times fuse. 

Regular Dropped, Beats. — Every 
fourth, third or s(‘Cond ventricular 
contraction may be omitted, consti- 
tuting a 4:1, 3:1, or 2:1 heart- 
block. 

Complete Heart-block. — Tlie ven- 
tricle contracts at its own indcpoii- 
deut rate of about 30 beats a 

f 

minute. The P waves occur regularly, and may be s(‘cn 
isolated on the electrocardiogram or fused with R or T 
waves. The ventricular coni])lcx is ot‘ normal duration and 
configuration, and so the impulses giving rise to it are supra- 
ventricular, but as they do not originate in the auricle, 
they must be derived from the junctional tissue (see 
Fig. 25). 

Bundle’-branch Block and Intfa-ve^Uricular Block have 
already been described (p. 232) (see Figs. 21, 22). 

Sino-uuricular Block {Tortoise Heart). — Some of the 
impulses arising in the S— A node fail to reach the main mass 
of auricular muscle, and occasional interniittences of the 



" ('lnnra4 ElHir(n'urfiw 
tjraphy:* 

27.-- Premature »Sv8- 
lole ariKiuj; in tlui Right 
V'tMit rifle. • 
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whole lieart may occur. If the rate be jslow, as is usually the 
case, on exercise it may iiKirease to about double (see 
Fig. 23). 

jWhen the h<^ai*t is b<*atiiig at such a slow rate the ventricle 
may interpolate a beat on its own {ventricular escape), the 



I//fvrj«* “ Clinical Elect rocarctiogfaphy,’* 
Fig. 28. — Complete Heart-block (Lead II). 


P-R iutcrs’iil being shortened, or the P and R waves may 
partially fuse. 

^Nodal Rhythm.— The impulse may arise at the A-V node 
instead of at the S ~ A node, the aurit‘lcs and ventricles con- 
tract simultaneously, and no P waves are seen (see Fig. 20). 



Auricular Flutter.- -An eleetroeardiogram shows the auri- 
cular (‘ontraetions occurring at a regular rate, with ventri- 
cular eoinplexes superimposed upon the curve at regular or 
irregular intervals. Heart-block is almost invariably 
present, of varying grades. 

The P waves, which occur at regular intervals, and have a 
dome-shaped appearance, must not be mistaken for inverted . 
P and T waves. In some tracings the T wave is also apparent 
(see Fig. 80). 
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Pi’essure on the vagus in the neck may slow the rate of 
ventricular contraction, but the P wa^ es continue to come 
through at regular and rapid iriitorvals. 

The auricular contraction is believed to pursue an abnormal 
circular path in the auricle. When the normal rliythni is 
established, as the result of the administration of digitalis 


IClMrocanlioifraphv.’* 

Fro. .10. — Aijricular Flnttor. Auik4l<f’ >000 liit. 
Ventricular Kate 102. 5? 

% 

or of (juinidine, tlie gentle undnlalions M tire P waves of 
flutter are replaced by a sharper ])eake<l wave of normal 
rhytlim. 

Auricular Fibrillation. -Tit re the P waves are absent, and 
QRS deflections occur at irregular intorv^als. and are of vary- 
ing height. The ventricular eomj)le\ is of normal foYm. 


\hewh' “ (Uhni'nl JilrHrorftrfhf^p'apliy." 
-Auricular Fibril latino Showing a Single K(‘to})ic Wntricular 
Beat ( Lrfwl 111). 


Oscillations of irregular size may be seen in diastole, caused by 
the fibrillating auricle ; these may be line or coarse. They are 
usually best seen in leads II and III. They also occur during 
systole, and may alter the .shape of the T wave, although the 
(btS deflections arc not affected. In rajudly beating hearts 
the oscillations are usually not well seen in diastole, but 
their effect upon the T wave is generally noticeable. 
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The QBS deflections may occasionally be seen at regular 
inter\^als, although the auricle is fibrillating and no P waves 
are present, but oscillations due to fibrillation may be seen 
in diastole. This occurs when the ventricle has adopted its 
independent rhythm owing to complete heai’t-block. 

Ectopic beats may arise during fibrillation ; they are 
ventricular in origin. They may occur regularlv after each 
QRS deflection, due to a supraventricular stimulus, con- 
stituting the coupled 
beats. This is usually due 
to excessive digitalis ad- 
ministration, and is a sign 
for immediate discon- 
tinuance of the drug (sec 
Fig. 31). 

Ventricular Fibrillation. 

— ^Although compatible 
with life in man, if only of 
short <iuration (Galla- 
vardin and Bcrard (6) ), it 
is the jirobablc cause of 
sudden death from heart 
failure, as occurs under 
ana\stheties, etc. 
Paroxysmal Tachy- 
cardia. — Simple Paro^rymial Tachycardia (Auricular ), — 
succession of ectopic auricular contractions occurs, arising at 
a new focus in the auricle. This is shown in the electro- 
cardiogram by a rapid regular rhythm of about 150, in which 
the ventricular complexes arc normal. The impulse has, 
therefore, a supraA^cntricular origin. The P wave is often 
inverted in leads TI and III, and usually modified in lead I. 
The auricular impulse is therefore ectopic in origin, and 
if not inverted in leads IJ and III it is usually smaller than 
normal (see Fig. 82). 

When the paroxysm ceases there is a pause, which is 



“ ('linu'al Ele<irocar(ltoffrnpJtif,” 


Fip. 32. — Simple Paroxysmal Tachy- 
<'ardia, showing Inversion of the 
P. Wave in lw<^a(ls li and fTT. 
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immediately followed by the restoration of tlie normal 
rhythm. 

Auricular Flutter (sco p. 286). 

Auricular Fibrillation (see j). 287). 

Fiodal, arising in the node. Here the auricle may 
contract first and the P--R interval be sh()rt(‘ncd, and P 
inverted, or the auricle and ventricle may contract simul- 
taneously and the P and R be fused. 

Ventricular. — K rare condition charae^erised by a succes- 
sion of ectopic ventricular systoles. 

Pulsus Alternans.— This condition, is r(*\ ealod by a 

tracing from the aiterial ])ulse, is not al^iys shown by the 
electrocardiograph. Thus, the R wavi linay be of equal 
intensity although the pulse shows marlfee^ alternation. At 
times tlie R waves may show altcrnationtj, but the large R 
waves may correspond with the small pulse waves, and vice 
versd. Occasionally tlie electrocardiogram shows alternation 
of the R waves, although the puls(‘ tracing is regular. 

The Practical Value of Graphic Methods in Affections of 
the Heart. — Having considtTcd the common variations which 
may be met with in polygrajdiic and elcctrocariodgrapliie 
tracings, the question arises as to what is their actual value 
in practice, and wlicn should these methods be employed. 
The polygraph is an instrument, which is comjKiratively 
inexpensive, is porta])le, not lik<‘ly to got out of order, and 
whose use can be learnt in a short tiTue. It yields, however, 
very little information as to the state of the heart muscle. 
Long strips of tracing can be taken with the polygraph, 
which are more likely to show an irregularity which occurs 
infrequently than is an elcetroeartlitigram in which only a 
few beats are recorded. The electroc{5rdiograj)h possesses 
qualities which arc the reverse of those (U‘s<a’ilK‘<l as belong- 
ing to tbe polygraph, but., on the other hand, it is the only 
way of investigating many varieties of cardiac iregularity 
and of determining the functioning power of the cardiac 
muscle. Broadly speaking, all valvular lesions are diagnosed 
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without instrumental aid by the ordinary methods of clinical 
examination. Of the irregularities, sinus arrhythmia, pre- 
mature systoles, auricular fibrillation, and some grades of 
heart-block, can usually be diagnosed without instriunents. 

The polygraph will show pulsus alternans, will determine 
the site of origin of the impulse in premature systoles, and 
the varieties of supraventricular heart-block. It will dis- 
tinguish a slow fibrillation from premature systoles and may 
throw light upon cases of auricular flutter and paroxysmal 
tachycardia. 

The electrocardiograph is of special value in deteimittiiig 
the condition of the heart muscle, the relative preponderance 
of ventricular activity, the state of the conducting paths 
after their entry into the ventricles, and the varieties of 
paroxysmal tac^hj^^cardia and flutter. It is also diagnostic 
of congenital dextro-cardia. The tpicstion of the value of ati 
electrocardiogram in eases of Graves’ disease may arise, and 
it is generally admitted that, while the tachycardia asso- 
ciated with this eondition gives rise to no peculiar tracing, 
yet it is the only method available at present of investigating 
the condition of llic heart muscle, which is so often seriously 
deranged in this disease. 


„Tiir Determination of Bi.ood Pressures 

It is now usually acet^pted that attempts to estimate the 
blood pressure by means of the taetile sense alone, without 
instrumental aid, arc misleading and unreliable. There are, 
however, certain authorities who maintain that this is not 
tlic case. Tims William Russell (7), writing in 1921, states : 
“ The finger is still the main means of estimating blood pres- 
sure in clinical work.” This view is based on the belief that 
considerable ])ressure may be required to obliterate an artery 
thickened by degenerative changes, or in a state of hyper- 
tonus. It is usually thought that the force thus expended in 
blood pressure determinations is comparatively ne^^igiblc, 
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but Russell, from experimental observations, concludes that 
in some instances a pressure of 150 mm. Hg or more may be 
required to collapse a thickened artery. In such a case a high 
pressure, as recorded by an instrument, would not connote a 
high intra-arterial tension. 

The work of MacWilliam and Kesson (8) is opposed to 
Russell’s views. They showed tliat, at body temperatures, 
only a moderate degree of arterial hypertonus can exist. 
Further, such spasm as is present disappears with massage 
of the arm, or as the result of the pressaj^ie of the sphygmo- 
manometer armlet if it be kept inflated |dr a few minutes. 
This corresponds with the fall in systolic Pressure, which is 
often observed, if successive readings are wken within a few 
minutes of each other, until, finally, whatiis known as the 
residual systolic pressure is obtained. Furthbr, atheromatous 
and calcareous changes in the artery appmr to have little 
effect upon the pressure required to compress the vessel, as 
such changes are usually localised and rarely affect a strip of 
artery uniformly tor a length of 10 or 12 cm., such as is 
compressed under the armlet. Obliteration of the lumen 
of the vessel, therefore, occurs at some supple spot under 
pressure. The increase of pressure, due to changes in the 
vessel wall, probably does not amount to more than 5 tp 
10 mm. Hg if care be taken to eliminate arterial spa^ni by 
taking several readings until the residual systolic pressure is 
obtained. 

It is quite impossible to determine, even approximately, 
the diastolic pressure without instrumental aid. It is impor- 
tant to investigate it for several reasons. The diastolic pres* 
sure may be raised without a corresponding inc?rease in the 
systolic pressure. This involves a continuously increased 
strain on the vessels. The prognosis with diastolic pressures 
which are constantly 135 mm. Hg or over is very grave. 
The diastolic pressure may be abnormally low, although the 
systolic is raised, as is found typically in aortic regurgitation 
with a free reflux. It is necessary to determine the diastolic 
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pressure in order to calculate the puke pressure. An 
increased pulse pressure i^s associated hyperthyroidism, 
as described on p. 209. Another example of the value of 
instruments in taking blood pressure is the fact that the 
condition of pulsus alternans may sometimes be diagnosed by 
this means, as described below, although it is not perceptible 
to the finger alone. 

The chief methods employed for determining the blood 
pressure may be classified as follows : — 

Palpatory, 

Vibratory. 

Auscultatory. 

Oscillatory. 

Palpatory. — Sj/stolic Pressure , — Von Basch of Vienna (9), 
in 1876, first devised a clinical method for estimating the 
systolic blood pressure in man. Previously the blood pres- 
sure in animals had been determined by introducing a 
cannula directly into an artery, as was done by the Rev. S. 
Hales (10) on a horse in 1773. Faivre (11 ) also, in 1856, had 
adopted a similar proc*cdure in man, inserting a cannula 
attached to a mercury manometer into the arteries of a 
limb about to be amputatcu. He recorded a systolic pres- 
sure of 120 mm, Hg in the femoral and 115 to 120 mm. lig 
in the radial artery. 

Von Basch employed a pelote consisting of a small glass 
funnel connected by a rubber tube with a mercury mano- 
meter, the open end of the funnel being closed by an elastic 
membrane. The pelote and tubing were filled with water. 
The systolic pressure was determined ^y compressing an 
artery, such as the radial or temporal, between the pelote 
and the underlying bone, and at the same time feeling the 
pulse beyond the site of the pressure. The force required 
to obliterate the pulse could then be calculati^ by means of 
the manometer. * » 

Potain (12), in 1889, modified this instrument, using a 
rubber pelote, communicating by air transmission with a 
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nietal manometer. It was very popular in France, and was 
used there almost "delusively for the next twenty years. 
Readings by either of these forms of sphygmomanometers 
give figures for the systolic pressure, whicjh are often 50 or 
60 mm. Hg too high, owing to the fact that the artery is 
compressed on one side only, and that tlirough the medium of 
the intervening soft tissues. 

Riva-Rocci (18), of Pavia, at the Iteliau Congress of 
Medicine in 1890, introduced the methodjbf compressing the 
artery by means of an armlet eneireliiig limb, into whic?h 
air is pumped. This armlet had originfi^ a width of only 
5 cm. I I 

Von Recklinghausen (I t) showed suhic|iuently that the 
pressures recorded are unduly liigh unle^ ltlic armlet has a 
width of 12 or 13 em. The method of determining the blood 
pressure by the Riva-Roeci instrument is well known. It 
constitutes the most accurate means of estimating clinically 
the systolic blood pressure in man. The results obtained 
are about 7*5 % higher than the true systolic pressure. If the 
reading be taken from the brachiai instead of from the radial 
artery, the figures are from 2 to 8 mm. higher still. Care 
must be taken to determine tWe residual systolic pressure by 
making several estimations until a constant reading .is 
obtained. Venous stasis caused by too long compression of 
the arm must also be avoided. Gallavardin (15) advises that 
the point at which the pulse disappears on compression 
should be determined rather than its point of reappearance 
on decompressior ^ut the mean of these two readings is 
often taken as 1 systolic pressure. In pulsus altemans a 
difference in systolic pressure of as much as 35 mm. Hg 
between the alternate large and small beats may be observed 
(Gallavardin (15) ). 

Diastolic Pressure , — Strasburger (16), in 1004, described a 
method for determining the diastolic pressure with the Riva- 
Rocci apparatus. The radial pulse is carefully felt while the 
armlet is slowly inflated, and the point is noticed at which 
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there first occurs a diminution in the force of the beat. This 
indicates approximately the diastolic pressure, but the figure 
obtained is a little tcM) high. 

Vibratory. — This is a method for determining the diastolic 
pressure only. Ehret (17), in 1909, drew attention to a 
phenomenon which Strasburger had also previously noted, 
without realising its significance. When the pressure is 
slowly raised, as in Strasburger’s method, just before the 
pulse becomes perceptibly smaller, the artery suddenly 
pulsates vigorously, giving a strongly vibrating sensation. 
This is much more clearly appreciated if the brachial rather 
than the radial artery be palpated. As the pressure is 
further raised these forcible vibrations first increase and 
then decrease in irdensity for a period of about 5 mm. of the 
pressure sciale, and arc then replaced by normal beats which 
disappear when the systolic pressure is reached. On low'er|ng 
the pressure the reverse takes place, and the point at which 
the vibrations disappear on decompression is usually 2’ to 
H mm. lower than that at which they are first noted on com- 
pression. They arc especially well marked in cases of higli 
i)lood pressure. T'he diastolic pomt is taken as that pressuTe 
at which the first normal heat follows a vibrating heat on decom- 
pression, The results obtained are very accurate and 
correspond closely with the figures given by the auscultatory 
or oscillatory methods. In about 4 to 10% of all cases it is 
found to be impossible to estimate the diastolic pressure by 
this means, and in cases of aortic regurgitation it is often 
especially difficult. In pulsus alternans the diastolic pres- 
sure is alternately higher and lower, and if the pressure in 
the armlet be maintained at a point intermediate between 
the tw^o diastolic values, the beats felt over the brachial 
artery will be alternately vibrating and flat in quality. 

Auscultatory (Systolic and Diastolic Pressures), — Korot- 
kow (18), a Russian physician, introduced in 1905 this simple 
and accurate method for determining the blood pressure. 
Its particular value lies in its affording a very reliable means 
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of estimating the diastolic figure. Two instruments are 
required, a sphygmomanometer of the Riva-Roccn type, with 
a mercury or anairoid manometer, and a stethoscope, pre- 
ferably of the phonendoscope ^’ariety. I'lie phoneadoscopc 
may be fixed in a band by which it can be strapped in posi- 
tion over the arm, leaving the two hands free. This, however, 
is not necessary for routine work. 

The patient should be lying on a couch or sitting with the 
arm comfortably resting on a table at th^;ie\ el of the heart. 
There must be complete silence in the ro^. The armlet is 
applied as high up the u]>j)er arm as is^ppssible, with the 
centre of the rubber bag lying over the br$l^|ial artery. The 
position of the artery on the inner side olvi|bc biceps tendon 
should be determined, so that the stcthosc!b|)c can readily be 
applied over it. The pressure in tlic armlA is raised fairly 
quickly until the pulse at the wrist is olditerbted, the stetho- 
seope is then applied over the brachial artery, taking care 
not j to compress the vessel, and the pressure in tlic armlet is 
gradually lowered. No sound is audible until the pressure 
falls to the systolic, level, when a series of little taps or thuds 
are heard as the blood commences to flow through the com- 
pressed artery {phase 1). 

On lowering the pressure still further these initial sounds 
are replaced by a soft murmur {phase 2). With further 
decompression the murmur disa])pears, and a scries of loud 
clear sounds, which have been likened to the beats on a gong, 
are heard {phase S), These iiierease and decrease in intensity, 
and, with further fall in pressure, they suddenly change in 
tone and intensity and become dull and muffled sounds 
{phase 4 ), which soon disappear eompletely {phase 5 ). 1 bis 

succession of sounds, wliieli are bette r lu'ard on dc(*ompres- 
sion than on eoinpression, constitute tlie five phases of 
Ettinger (19)j and are separated from ( a eh other by certain 
ixants. Point 1 is the moment at which the first sound is 
heard on decompi'ession and gives the systolic pressure. It 
is usually a few millimetres higher than that obtained by the 
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palpatory method. It should always be confirmed thus, and 
if there be any marked discrepancy the figure obtained by 
palpation should be accepted as representing the systolic 
pressure. We have seen above that the figure obtained by 
palpation is itself higher than the true systolic pressure. The 
phases are separated from each other by points 2, 8, 4 and 5, 
the latter being placed at the end of phase 4, i,e,, when silence 
commences. 2'he whole vahie of the method depends upon the 
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accurate determination of point 4, as this represents the diastolic 
pressure. It is that point at wliich the loud clear sounds of 
phase 8 are suddenly replaced by the dull and mufiied sound 
of phase 4. 

The Normal Duration of the Pressure Phases. — These may 
be represented diagrammatieally as above (sec Fig. 88) : — 

Phase 1, Is always present and normally lasts about 
10 mm. Hg. 

Phase 2. Is very inconstant. It is of no practical import- 
ance. It may disappear altogether if the arm be kept com* 
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pressed tightly for a short time, probably owing to venous 
stasis* It usually lasts from 5 to 10 mm. 

Phase 8, Occupies a large part of the cycle and is the most 
obvious sound heard. It persists for about 15 to 20 mm, Hg. 

Phase 4. In normal adults is of short duration, about 
5 mm. Hg. In young children it is longer, and, according to 
Tixier (20), it persists for 20 mm. between the age of 20 and 
80 years, and for 10 mm. between 80 and 40 years of age. In 
aortic regurgitation it may be very m^h proloT^ged, and 
sounds may be heard almost to the po|^t; at which decom- 
pression is complete. | ' j 

Thai point 4, and not point 5, acct^^ely represents the 
diastolic pressure has been conclusiv el|^ emonstrated by 
various workers, especially by MacWilJianl |nd Melvin (21 ) by 
experiments upon sheep, and by Warlicld |22) on dogs. 

This does not appear to be suflieicntly’ appreciated, and 
from time to time practitioners and stuilents are met wlu) 
are taking point 5 as being the diastolic index. The wliole 
value of the method is thereby vitiated, for its importance 
lies in this alone, tliat it affords a simple and accniratc method 
for determining the diastolic pressure. 

In about 10% of eases it is found im))ossjble to decide where 
point 4 occurs, and this is especially so when aortic regur- 
gitation is present and when the arteries hjv hard and small. 

Oscillatory* - This is a method for determinirfg both 
systolic and diastolic pressures. It has been extensively 
employed clinically in France, witli tJu‘ help of Pachon’s 
oscillometer (28), and, in America particularly, Erlanger’s 
sphygmomanometer (24) is often employed. 

Marey (25), in 1876, introduced the oscillatory method 
for determining the diastolic ])ressure by means of his 
sphygmoscope. 

The Pachon Oscillometer, — This was introduced in 1909 ; 
it is a complicated instrument, and its readings are often 
hard to interpret. The apparatus consists of a rigid metal 
box, containing a manometric capsule, and a pressure 
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manometer and armlet. The manometrfc capsule enables 
the extent of the oscillations to be read at different 
pressures. It is put into communication with the circuit, 
consisting of box, manometer and armlet, by means of a 
screw, and the oscillations read, centimetre by centimetre, 
as the pressure is lowered. Small oscillations are first seen 
on decompression, which become larger and then decrease 
in size. The difficulty in interpreting the readings lies essen- 
tially in the fact that often there are oscillations at pressures 
above the systolic figure and below the diastolic. . These arc 
called supramaximal and inframinimal oscillations. 

The systolic pressure is that pressure at which the first large 
oscillations occur on decompression. If there be no supra- 
maximal oscillations present, this is easy to determine ; if. 
however, they occur, the systolic pressure is that point at 
whicli the supramaximal oscillations are replaced by large 
oscillations. The supramaximal oscillations are due to waves 
of blood beating against the obstruction caused in the 
brachial artery by the pressure of the armlet. 

In any case the systolic pressure as recorded by the 
Pachon oscillometer is inaccurate, being far too high. There 
is an error of about 30%, and the normal systolic pressure 
for an adult works out at about 140 to 150 mm. Hg. 

The diastolic pressure. — This also presents difficulties, 
Pachoir originally said that it was the point at which the 
oscillations are greatest. It is^ however ^ now taken as that 
point ai xvhich the large oscillations undergo a sudden and 
marked diminution in their size, and become inframinimal. 
The average diastolic pressure for an adult with the Pachon 
instrument is about 90 mm. ITg. 

In about 8% of cases it is impossible to determine the 
diastolic pressure by the oscillatory method, as there is no 
sharp point of demarcation between the two types of waves. 

The Erlanger Apparatus. — ^Tlie oscillations are recorded 
graphically on a blackened paper travelling with a moving 
dnun. 
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The systolic and diastolic points are as in the Paehon 
readings, and present the same difficulties in interpretation. 

Variaiioii in Blood Pressures with Age.— The average 
systolic pressure at birth is from S5 to 55 mm. Hg. Various 
formulee have been proposed for calculating the normal 
blood pressure at different ages, but there is naturally a 
certain physiological degree of latitude, and the rule put 
forward by lloUeston (26) is of value. It is as follows : The 
ideal systolic pressure for an adult is ll^^ figure represented 
by 100 plus half the age in years. The mi^jiiYial physiological 
pressure is 100 plus the age. Further, be added that 

a systolic blood pressure higher than 15Q 155 mm. Hg at 

any age is abnormal. The diastolic pres^fe is roughly two- 
thirds the systolic up to middle age, bif; aft(T this it is 
frequently only half the systolic. I 

It will be observed that the pulse prestoe, namely, the 
difference between the systolic and diastolic pressures, 
normally remains very constant at dilferont- ages, l>etween 
42 and 49 mm. Ilg, and the normal ratio between systolic, 
diastolic and pidse pressures is as 3:2:1. 

In women the systolic pressure is usually 5 to 10 mm. Hg 
lower than in men. 

Some Cardto-titerapeutu' Measures . 

The Use of Digitalis and Strophanthus.— Digitalis still 
remains supreme amongst the clrugs used in the treatment 
of heart disease. Withering (27), in 1785, was one of the first 
to draw attention to the value of digitalis in producing 
diuresis in certain cases of heart failure. Since then the 
indications for its use have become more clc^arly defined, and 
it is I’eeognised that its most beneficial effecits are obtained in 
cases of cardiac irregularity due to auricular fibrillalion. It 
does not abolish the circus movement in the auricle, but 
slows the ventricle by increasing the degree of heart-block. 
It is also of value in auricular flutter, and, indeed, in heart 
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failure from any cause. High blood pressure is not now con- 
sidered a contra-indication, as it has been shown that in 
therai>eulic doses digitalis does not cause a rise of systolic 
pressure, although the pulse pressure may be increased as 
the result of a fall in the diastolic level in cases of cardiac 
failure. Whether or not it acts as a direct cardiac tonic and 
should be employed in disorders associated with sinus 
rhythm is a matter of dispute. It is usually held that 
digitalis in such cases slows the whole heart by its action on 
the vagus, thus prolonging diastole, increasing the force of 
systole and im])ro\'ing the coronary circulation and so the 
nutrition of the cardiac muscle. 

In heart failure of a severe degree large doses arc usually 
required. On account of the danger of producing severe* 
toxic effects, the total quantity necessary is generally 
administered in divideel doses at several hours’ interval, but 
the beneficial effect is thereby inevitably postponed. This 
delay is partially due to the fact that digitalis takes about 
six hours before it is absorbed from the stomach ; it is also 
eliminated slowly by the intestines and kidney, and so 
cumulative resiilts may occur. 

It has been shown experimentally that the maximum 
beneficial effect is produced by that quantity of digitalis 
which is just sufficient to cause signs of intoxication, and, 
further, that that amount is pn>portional to the body weight 
of the individual. 

In order to obtain results in cases of severe heart failure as 
quickly as possible, Eggleston (28) has devised a method for 
determining tlic maximum amount of the drug which can 
safely be administered to an individual. Digitalis in America 
is standardised in cat units, whereas in England the frog is 
the animal usually employed in its biological assay. The 
cat unit of Haleher (29) is the weight of dry drug in nailH* 
grams per kioiogram of body weight which is required to kill 
a cat when a continuous intravenous injection of the solution 
is given slowly. 
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The amount of the tincture required to produce the 
maximum beneficial effect in man can l>e delermined by 
Eggleston’s formula (;30). For the tiiu‘lurt* of digitalis it is 
as follows : — 

CU X 0^5 X W ^ ^ ^ , 

~ c*e. ol tincture in total amount. 

100 

Here CU = the number of milligrams in one cat unit of 
digitalis used. W = weight of patient ift ixninds. If tlie eat 
unit value be unknown, it may bo taken fa) be 100 for a good 
tincture. For a man weighing 10 stoiK«|tJs 21 e.e.. or 6 dr., 
and for a man of 8 stones about dr. Vflien tlie weight of 
the patient is not known accurately, ^|will often he the 
ease, three-quarters of the above aniouAts should be the 
maximum given, ?.e., dr. for a in»n of 10 stones, 
and S| dr. for a man weighing 8 stones. Eggleston (80) 
deseribes three ways in which tlu' digitalis efl*(‘et may be 
obtained. 

Small Dose MeihocL — Four to six days are required before 
the optimum effect is produced. During this pcTiod four 
doses of 20 to 40 m. of the tincture are given at four-liourh 
intervals during the day. 

Large Dose Method.— The maximum beneficial result is 
obtained in one to two days. One dr. of the tincture is given 
every six hours, day and night, for four doses. On the 
second day ^ dr. is given four-hourly for four doses. 

The Bodt/ Weight Method. -The maximum effect is here 
produced in ten to twenty hours. The total calculated 
amount is given in the following doses : One-third to one- 
half of the total as the first dose, one-fiftJi to one-quarter of 
the total six hours later, and one-eighfh to one-sixth the total 
after another six hours. If more digitalis be required, one- 
tenth of the total is given six-liourly until the maximal effect 
is produced. This method inust only be used in very urgent 
cases in which no digitalis has been given within the last ten 
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If the case be not very urgent the dose is divided and 
spaced as follows : — 

One-qiiarter of the total calculated amount for the first 
dose, repeated after six hours ; then one-tenth to one-eighth 
of the total six-hourly until the maximum effect is produced. 

If digitalis has been given within the last ten days the 
total calculated amount should be reduced to three-quarters 
if no signs of digitalis action be shown by the polygraph or 
electrocardiograph, such as heart-block or premature ventri- 
cular systoles, and to one-half if they be present. In either 
case the total calculated amount is given in three equal doses 
at six-hourly intervals. 

The indications for discontinuing the drug are^ according 
to Eggleston : Nausea or vomiting, unless this is due to 
venous congestion of the stomach, which is usually the case 
when it occurs shortly after the commencement of digitalis 
administration (Jensen (31 ) ). The apex rate lower than 60. 
The occurrence of frequent ectopic systoles, heart-block, 
phasic arrhythmia or coupled beats. The latter are caused by 
a regular sequence of premature ventricular systoles following 
each nonnal ventricular contraction. 

It is usually found that if the digitalis is going to relieve 
the^ heart failure diuresis takes place ; if there be no diuresis, 
beneficial results are not likely to ensue, and diminution in 
the secretion of the urine is an additonal sign of digitalis 
toxaemia. The diuresis is a manifestation of the effect of 
digitalis in filling the arteries and emptying the veins, and 
is due to an increased renal circulation and relief of renal 
congestion. Diuresis does not follow the administration of 
digitalis, even in massive doses, unless a^dema is present. 

Digitalis should not be administered more frequently than 
at six-hourly intervals, as this is the time taken for its 
absorption from the stomach. Sufficient warning of any 
toxic effects, which may be produced by its administration, 
is thereby givenl 

It is clear that, with such massive quantities, there must 
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be a risk of overdosage if one be not eertam of the condition 
of the junctional tissue and of the myocardium, and so, 
unless the symptoms are very urgent, it is not wise to adopt 
such measures. 

Fraser (82) has tried the method in England in ten eases. 
Good results were obtained in aurieulai* fi})rillation, but in 
eases with normal rhythm he concludes that the time gained 
in producing the digitalis effect doc^s not justify the risk of 
overdosa-ge. In conclusion, it may SJiid that massive 
doses should only be used in cases of heafjb failure of extreme 
urgency, and that usually the small dose'^'thod is tlie safest 
course to adopt. > : 

Natively s Granules of Digitalin (gr. l/l^) or 1/600). — This 
preparation is of value in those patieiiti fs/ho show marked 
gastric intolerance to the other jueparatio^s of digitalis. A 
granule containing 1/240 gr. of digitalin cbikesponds approxi- 
mately to 15 -20 m. of the tincture. The granules may be 
tried also in cases which do not respond well to the tincture 
and form a convenient means of administering the drug in 
small doses over a prolonged period, as is usually required in 
the treatment of auricular fibrillation. 

Strophanthus. — The action of strophanthus closely re- 
sembles that of digitalis. As an alternative metliod of pro- 
ducing a rapid effect upon the heai-t an intravenous injection 
of 1/200 to 1/100 gr. strophanthin may be given, provided 
that no digitalis has been administered within the last few 
days. The risk of producing toxic symptoms must always be 
borne in mind, as when the drug is introduced by the venous 
route the safety-valve action of the stomach is of necessity 
eliminated. 

Qttinidine. — ^This is a dextro-rotatory cinchona alkaloid, 
which was first used by Frey (88) in 1918 in cases of auricular 
fibrillation. Wenckebach (34) had previously, in 1914, 
obtained a temporary arrest of auricular fibrillation in one 
patient by giving 1 g. of quinine daily. Frey, in a series of 
twenty-two cases of fibrillation, obtained a restoration ol 
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normal rhythm in 50%, He gave the drug in doses of 0*4 g, 
(6 gr.) t.d.s. by mouth for three to eight days. 

The administration of quinidine sulphate may be con- 
sidered under the following headings : — 

Selection of Case, — Quinidine is of greatest value in cases 
of auricular fibrillation, especially when there is no cardiac 
enlargement and no valvular disease (Cottoo (35) ). Best 
results are obtained in fibrillation of recent origin, and in 
those cases in which the symptoms increase witJi the onset 
of fibrillation. The infective group of cases is more suitable 
than the degenerative. The drug can be tried in paroxysmal 
auricular fibrillation, as digitalis does not usually have any 
beneficial effect here (Parkinson and Nicholl (36) ). It may 
be of value in auricular flutter, the normal rhythm being 
restored direct, without an intermediate stage of fibrillation. 
It is at times successful in those eases of flutter which liavc 
been converted to Jibrillation by the use of digitalis, but which 
do not return to the normal sinus rhythm on discontinuing 
the drug. It does not appear to have any beneficial effect 
on premature systoles. 

Contra-indications, — There are certain definite contra- 
indications which apply, no matter what the nature of the 
cardiac disorder may be. Thus (juinidine must not be given 
in casea of heart failure. Such patients should first be treated 
with rest, digitalis and diuretics until compensation is 
restored. Then, after a week’s cessation from the use 
of digitalis, quinidine may be given if thought advisable. 
Heart-block is also a contra-indication. It must not 
be given if there be a history of recent embolism. It is 
considered inadvisable to administer quinidine and digitalis 
simultaneously. 

Regimen. — The patient must be kept in bed, and pre- 
ferably at absolute rest, during the initial week of the treat- 
ment, Tliis usually implies the necessity of skilled nurses. 
Attention must be paid to the bowels, and the diet should be 
such as will not give rise to flatulence. 
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Methods of Administration and Dosage . — The drug is given 
by the mouth in powder form in gelatine c*apsu]es. Probably 
the safest method is to give on the first day u test dose of 
0-2 g. (8 gr.) to determine whether the patient has any idio- 
syncrasy to the drug. If no toxacmie symptoms appear, on 
the second day 0*4 g. (6 gr.) is given every three hours for 
four doses, and tliis is increased to live doses of 0-4 g. at three- 
hourly intervals on the third day. This dmogc is then main- 
tained until the end of the week, and if ;jdic normal rliythm 
has not been restored by tliis time the^drug will probably 
not prove successful. The pulsti shou]d;fettaken before each 
dose is given, and if it be found to be r(‘g^|ir the drug should 
be discontinued, at any rate temporarily| lintil a tracing has 
been taken. 

Hay (37) recommends that (piinidiiu* sho|ild be gi\'en every 
two hours by day in ten e(pial doses, as its Action soon passes 
off. Starting with a test dose ol’ 0*2 g. (3 gr.) on the first day, 
2 g. (30 gr.) are given on the second day in ten doses of 0*2 g. 
each. If necessary, the dose* may be increased to 3 g. (45 gr.) 
a day in ten doses of 0*3 g. (4*5 gr.). The smallest beneficial 
dose appears to be one of 5 gr., whi(*h restored the normal 
rhythm in a case of auriendar fibrillation of recent origin, 
under our care, which was associated with a toxic goitre. ,As 
much as a total of 375 gr. has, however, l)een require;/:! before 
a satisfactory result was obtained, and it may be necessary 
to continue indefinitely with small doses ol* 5 gr. daily. 

Symptoms of Toxwmia^ and Dangers. - -Frey (33), in 1918, 
drew attention to the possibility of quinidinc idiosyncrasy, 
resulting in such symptoms as respiratory failure and 
cerebral paralysis. Benjamin and V. Kapff (38), in 1921, 
recorded instances of embolus o<*curring during the adminis- 
tration of quinidine. This is especially liable to follow 
restoration of normal rhythm, and is, in all probability, due 
to the detachment of a clot from the wall of the auricle* 
Embolus formation is not necessarily fatal. The onset of 
ventricular fibrillation may cause sudden death. 
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Headache is nearly always experienced while quinidine 
is being taken. Otlier toxic symptoms include sweating, 
nausea, vomiting, diarrha^a, abdominal pain and a scarla- 
tiniiorm rash. Dimness of vision, or the occurrence of 
frequent ectopic ventricular beats, is an indication for the 
immediate discontinuance of the drug. 

Results of Quinidine Administration. — In about 50% of 
cases of auricular fibrillation normal rhythm is restored by 
quinidine, but there is frequently recurrence whether or not 
the drug is taken continuously in small doses. 

The Action of the Drug. — This is not definitely known. 
According to Lewis (39), in auricular fibrillation there is a 
circles movement taking place 450 times a minute. Lewis 
says that quinidine lengthens the refractory period of auri- 
cular muscle by 50% or more, and so the circus movement 
is stopped. It also reduces the excitability of auricular 
muscle. The gap between the head and tail of the (circulating 
wave in the auricle, which occupies 1/50 second in time, and 
10 mm. of muscle in length, is thus bridged and normal 
rhythm established. 

Conduction in the auricle is slowed by quinidine. This has 
a reverse effect and would tend to lengthen the gap. If 
this action prevail, fibrillation will persist and quinidine will 
fail. , 

The electrocardiographic changes which may occur during 
(luinidine administration are, according to Hay (37) : Slow- 
ing of auricular rate ; the onset of auricular flutter and 2 : 1 
heart -block ; increase of ventricular rate ; appearance of 
ectopic ventricular beats ; restoration of normal rhythm in 
50% cases ol’ fibrillation. 

The Value of the Drug. — This is very doubtful, as will be 
seen from what has been said above. The administration of 
quinidine has very delinite dangers, and the cases in which 
it is worth a trial require careful selection, and very close 
watching during the treatment. Even if normal rhythm be 
established, the general condition of the patient is not always 
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improved, while the underlying myocardial degeneration still 
1 ‘emains, 

The Oontinuotts Administration of Oxygen.- Meakins (40) 
has shown that in auricular fibrillation, valvular disease of 
the heart, and in myocardial degeneration, there is no arterial 
anoxsemia if the lungs be normal. Oxygen will only give 
relief if pulmonary lesions be present, and will not benefit 
symptoms due to circulatory stagnation. Oxygen should 
therefore be used in those cases of heart figure accompanied 
by arterial anoxaimia. i 

There is, however, some evidence that s^^ gen “■ improves 
the contraction and aids the reintegration |t^d recovery from 
fatigue of the heart muvsclc ” (Starling Kfl) ). The most 
efficacious and economical means of admiAiftering oxygen is 
by the continuous intranasal method of Bourne (42). A 
rubber catheter, smeared witJi 1% novocai|ic vaseline oint- 
ment, is passed into the nose to the level of the ])osterior 
iiares. The free end must not touch the posterior pharyngeal 
wall. The catheter is held in position by a head-pieec con- 
sisting of a circular adjustable webbing band with an 
aluminium rod attachmeivt for retaining it. The catheter is 
connected by a nabber tube with a Wolff's bottle containing 
water, through which oxygen is bubbled from a cylinder. 
The bottle is stood in a bowd of warm water. The rate of 
flow is adjusted so that about 70 to 80 bubbles pass each 
minute. The catheter is usually well tolerated, and the 
patient may sleep with it in position if nee(*ssary. By the 
use of this contrivance a sufficient supply of oxygen can 
usually be administered to relieve cyanosis. 

Adrenalin in Adams-Stokes Attacks. — The hypodeiinie 
injection of atropine sulphate in doses of gr. 1/100 is the treat- 
ment which is usually recommended ibr the Adams-Stokes 
syndrome. Practically it is found that this drug is without 
effect, except perhaps in a few rare instances, in wffiich vagal 
tone is very marked. Routier (48) has shown in animals 
tlmt adrenalin has. the power of increasing the rate of con- 
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traction of auricle and ventricle independently, and also of 
facilitating conduction along the auriculo- ventricular bundle. 
Phear and Parkinson (44), in 1922, recorded a case of complete 
heart-block in which Adams-Stokes attacks were occurring 
with great frequency. The subcutaneous injection of five 
minims of a 1/1,000 solution of adrenalin hydrochloride 
caused a rapid abolition of the seizures, although atropine 
had been previously tried without success. Fell (45), in 
1923, had an equally successful result in the ease of a man 
with complete heart-block, using ten minims of 1/1,000 
adrenalin. The ventricular rate was not accelerated in 
these cases, but the occurrence of ventricular standstill was 
annulled, 

Parkinson and Bain (40) in 1924, published the details of a 
further case which responded in a remarkable way to adre- 
nalin injections. Here there appears to have been an acute 
lesion affecting tlic A — V bundle, causing variations in its 
conducting power. At times there was complete dissocia- 
tion between the auricle and ventricle which was slowly 
followed by rcc^overy of conductivity. The Adams-Stokes 
attacks were most frequent during the latter j)hase. 
Adrenalin was injected in doses of five minims ; the attacks 
were abolished within three minutes and did not recur for 
periods of two to forty-eiglit hours. In this case, in addition 
to abolishing the periods of ventricular standstill, and 
thereby preventing the syncopal attacks, the rate of the 
dissociated ventricle was accelerated. It seems, therefore, 
probable that the adrenalin produces its effects by stimula- 
tion of sympathetic nerve terminations in the w^alls of the 
ventricle. Cullis and Tribe (47), in 1918, showed that the 
ventricles have many sympathetic nerve endings which 
probably reach them with the coronary arteries. Parkin- 
son (4(5) concludes that adrenalin should be tried in eveiy 
case of Adams-Stokes attacks, although from the examples 
he quotes he shows that it is not universally successful. Even 
in those cases which do respond it is pi:obable that a time 
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will come at which adrenalin loses its effect;, and that then 
death is close at hand, 

Adr e pa Mn in Ssmcope. — ^The intracardiac injection of 
adrenalin in cases of sudden cessation of the heart-beat during 
the administration of an ana3sthetic was rcc*ommended by 
Winter ( 48 ), in 1905 , as the result of experiments ifpon 
animals. Zuntz ( 49 ), in 1919 , recorded the first successful 
case of this treatment in man. Since tb^i a review of the 
Continental and English literature that in a large 

number of instances syncope has been relfeved and life saved 
by means of the intracardiac injection of adrenalin. It has 
been used not only for syncope occurring' labile under anaes- 
thesia, but also for sudden cessation of heit:i-bcat in diseases 
such as syphilitic stenosis of the ’c-^ronary arteries 
(Hodon ( 50 ) ). The adrenalin may be injec|ed into the peri- 
cardium or into the wall or cavity of the left 6r right ventricle. 
Care has to be taken in making the inje('tion to avoid damage 
to certain important structures, especially the left lung, the 
internal mammary arteries and the interventricular septum. 
In order to avoid the risk of injuring the lung, with the (‘onse- 
quent development of a pneumothorax, the injection is usually 
made into the right ventri<de, as recommended by Petit- 
Dutaillis (51 ). The needle should be 8-1 0 cm. long and rather 
liner than that used in lumbar puncture. The variety of 
needle usually employed in regional aucTsthesia is very suit- 
able. The needle is attached to a syringe and 1 c.c. of 
1/1,000 adrenalin hydrochloride sucked into it. It is then 
inserted into the fourth left intercostal spa(*c, close to the 
margin of the sternum and at the upper border of the fifth 
left costal cartilage. The artificial respiration which will 
have been performed while the injection is being prepared 
should be stopped in the position of expiration during the 
insertion of the needle, in order to retract the anterior margin 
of the lung as much as possible from the heart, Tlie needle 
is pushed in at right angles to the chest wall for 2 or 8 cm., 
and then the point is turned slightly towards the mid-line. 
The resistance of the heart muscle is then felt, and on pushing 
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the point a little further it enters the cavity of tihie right 
ventricle, when blood can be drawn back into the syringe. 
Petit-Dutaillis (51) }>refcrs to inject the adrenalin into the 
iravitj^ of the ventricle, and says that it is well absorbed 
by the endothelial lymphatics ; other workers, such as 
Howell ( 52), recommend intramuscular injection. In any case 
the wound caused by the needle has no ill effects, as judged 
by cases which have not responded permanently to the treat- 
ment and have been examined after death. After withdrawing 
the needle the prsecordial region should be compressed a few 
times firmly and then artificial respiration recommenced. 

The effect is usually almost instantaneous, the heart stari- 
ng to beat within one or two minutes of the injection, and 
the radial pulse being perceptible within another two or 
three minutes. It may be an hour or longer before voluntary 
respirations are made in cases in wliioh there has been some 
little delay in giving the injection, and artificial respiration 
must be maintained until this is satisfactorily established. 
Howell (52) recommends the subcutaneous injection of 
1/500 gr. of atropine, as in two eases the stagnation of the 
circulation led to the appearance of pulmonary oedema. 

The Results. — Intracardiae injection of adrenalin appears 
to give better results than does cardiac massage through the 
diaphragm. Although the heart may be made to beat and 
breathing be restored, yet the patient may die after an 
interval of five or six hours without recovering consciousness. 
The sooner the injection is made, the more favourable is the 
prognosis. 
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CHAPTER X 


THE LUNGS 

Artificiat. Pkettmotttorax 

Historical. — Carson (1), of Livcr])ooI, 1822, first sug- 
gested that air might be admitted into th^ pleural cavity as 
a therapeutic measure in certain dise^fsos of the lungs. 
Cayley (2), in 1885, at the Middlesex Hosj^i|aK London, was 
responsible for the establishment of a |)|icumothorax by 
pleural incision in a ease of intractable fe4t^ioptysis, For- 
lanini (3), in Italy, must undoubtedly 1 k' ^ regarded as the 
originator of the modern pneumothorax treatment by punc- 
ture for pulmonary tuberculosis, his work dating back to 
1882. Lillingston (4), in IfilO, was one of the first to adopt 
this method in England. 

The Jndk ATioNs 

Collapse of the lung, by the introchietion of air into the 
pleural cavity, is of value in certain cases of pulmonary 
tuberculosis, bronchiectasis, localised abscess of king and 
interlobar empyema. It has also been used for the relief of 
pain in dry pleurisy, and for bronchopiiciunoiiia in cliildreu. 
In none of these discuses are the indications lor such treat- 
ment sharply defined or universally accepted. Such being 
the case, a personal expression of view is permissible. 

Polmonary Tuberculosis, — One of us (G. E. U. (5) ) has 
expressed his opinion on this subject at a discussion at the 
Royal Society of Medicine. In only about 2 to 5% of 
cases is artificial pneumothorax treatment indicated.* Its 
induction should be considered under the following circum- 
stances : In cases of unilateral disease which remain pyrexial 
after absolute rest in bed for several wrecks. In similar cascj^ 

m 
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which, although responding to absolute rest, show renewal of 
signs of activity on moving, or on rising from bed* In cases 
of ha‘moptysis which cannot be checked by other methods 
of treatment, and where the side from which the bleeding 
is occurring can be determined with a fair degree of accuracy. 
Jn unilateral acute pneumonic or broncho-pneumonic tuber- 
culosis and in certain carefully selected cases of bilateral 
disease in which the activity is mainly confined to one lung. 

Bronchiectasis. — Tlie occurrence of a brilliant cure is 
especially likely in early cases before pleural adliesions have 
formed. This applies particularly to those cases resulting 
from the inhalation of some septic material, as may occur 
after operations upon the throat. Even in long-standing 
conditions of bronchiectasis, if unilateral, a determined 
attempt should be made to establish pulmonary collapse. 

Interlobar Empyema and Localised Pulmonary Abscess.-- 
Artificial pneumothorax may be considered in those cases in 
which an interlobar empyema or abscess has ruptured into a 
bronchus, and the pus is not completely expectorated. The 
sputum remains offensive, and constitutional disturbance 
is present as indicated by pyrexia. Here, again, pleural 
adhesions may render the operation impossible or unsuc- 
cessful, as only a partial collapse is obtained. In such an 
instance an attempt may be made to cauterise the adhesions 
with the use of a thoracoscope. 

The Method 

The requirements are as follows : 

Pneumothorax Apparatus. — ^There are several types in use. 
The Lillingstoii and Pearson apparatus is that which we 
usually employ. It has the advantage of simplicity, and can 
be used both for inserting air and also for removing it in cases 
of spontaneous pneumothorax. 

The arrangement of the pneumothorax apparatus can be 
seen by a reference to the diagram, .and a detailed description 
isn^not necessary (see Fig. 34). A and B are glass bottles, B 
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bdng graduated in< c.c. from 0 to 1.100. C is a glass mano- 
meter. D is a fourway glass connection. E is a glass con- 
nection. F and G are glass filters containing sterile wool. 
H, I, J and K are glass tubes. L, M, N, O and P are rubber 



tubes. Q is the needle. 1, 2, 3 and 4 arc clips on the rubber 
tubes. 

Pneumothorax Needles. — The needle used for the primary 
induction is often referred to as the No. 1 needle. That form, 
devised by Clive Riviere, is commonly employed. It con- 
sists of a blunt-endcd cannula with a thin edge for penetrating 
the pleura, and a trocar for piercing the tissues of the cliest 
wall. The needle used for refills is of a different pattern ; it 
may be referred to as the No. 2 needle. The Saugman pattern 
is the one we use. This is shorter than the No. 1 needle and 
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has a bevelled cutting edge like an ordinary hypodermic 
needle. It is provided with a stilette for clearing purposes. 
The needles are illustrated in the text (see Figs, 85 and 86). 
A 2 e.c. syringe and hypodermic needle of suflBcient length 



Fig. 35. — Clive Riviere Needle (No. 1 Needle). 



Pici. 36. — Saugman Needle (No. 2 Needle), 
with Rubber (^ap to act as a 8tufiing*box. 


to reaeli through the chest wall to the pleura. (This distance, 
is yarely more than S cm.) 

Sterile novocaiue solution gr. in 10 m.). 

Iodine, spirit lamp and sterile towels. 

Some restorative, such as brandy, strychnine or pituitrin, 
should be at hand. 

Preparation of the Apparatus. — ^The glass bottles, mbber 
tubes, glass tubes and glass lilters are all sterilised by boiling. 
The needles, placed in a tin, are sterilised by dry heat. The 
manometer is filled to the zero point with water coloured with 
a little red ink. This docs not stain the glass and makes 
readings easy. The glass filters are filled with sterile cotton 
wool. The tubes are placed in position. Bottle A is filled 
with coloured solution of perchloride of mercury (1/1000), or 
with 1/100 carbolic acid. The fluid is passed over to bottle B, 
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by blowing a little air into bottle A with a Higginson syringe 
attached to the tube H, which starts the siphon action. 
With the clips 1, 2 and 3 open the fluid in the bottles can be 
now run from one to the other by raising or lowering one of 
them. Half the fluid should be left in bottle B and half in A. 
The apparatus should be examined to see that there are no 
leaks before use. This can be clone by closing clips 3 and 4 
and opening clips 1 and 2. If, now, bottle A be raised, air 
will be driven from bottle B into the manometer and the 
fluid in limb C' depressed. The level the manometer 
should remain constant as long as the botil^ A is kept in tlic 
same position. In the same way, if bottli be lowered the 
fluid in limb C' will rise. It can easily bfe iasecrtained that 
air can be driven througli ttic ji«ieumothora 3 | needle by open- 
ing clips 1, 2 and 4 and closing 3. If the ebd tbc needle be 
now put under methylated spirit, havint^ withdrawn the 
trocar and closed the side tap, air will be seen bubbling from 
the end of the needle on raising bottle A, 

Preparation of the Patient.- The patient is in bed. He 
should be given an aperient the night before the operatioh, 
and the induction should not be made immediately after a 
meal. Half an hour bef ore the operation an iiijecdion of ^ gr. 
ornnopoii should be given, in order to calm tlu‘ patient and 
diminish any tendency to ])lcural shock. If the jmcuino- 
thorax is to V)c induced on the right side of the chest the 
patient lies on his bavk turned towards his left side, with the 
right arm forward above the head, w}iic‘h is kej)!- low, and a 
pillow is placed under the chest and left shoulder, so as to 
widen the intercostal si)aces. The site of election for the 
first puncture is in the sixth space in the anterior axillary 
region. The skin over this area is painted witli iodine, and 
sterile towels placed on the bed-clothes and against the chest. 
The Operation. — The uovocaine solntion is injected, about 
2 c.c. being used. The skin over the intercostal space is 
held taut with two fingers of the left hand. The needle is 
then inserted obliquely, just in front of the fingers, and a 
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little novocain e injected intradermally to cause a bleb« After 
a srhort pause the needle is moved into a position at right 
angles to the chest wall, and gradually pushed through the 
intercostal space. Novocaine is slowly injected as the needle 
moves downwards to the pleura. Care should be taken to 
inject the solution right down to the pleura, as this probably 
plays a part in the prevention of pleural shock which may 
cause a fatal result. 

The patient must now be warned against coughing during 
the operation. If the desire to cough be irresistible, due 
warning must be given, otherwise the sudden increase in the 
pleural pressure when the patient coughs, with the pneumo- 
thorax needle in the pleural cavity, would drive the fluid out 
of the manometer. This can be prevented if warning be given 
by squeezing the tube N, leading from the needle to the 
manometer, or by closing the clip 4. 

The No, 1 needle is now taken out of the sterile tin and 
passed through the flame of the spirit lamp, the trocar being 
drawn in and out to make sure that it is working properly. 
The rubber tube N leading to the manometer is attached to 
the side arm of the needle. Clips 1, 2 and 3 are closed and 
clip 4 opened. With the trocar in position the needle is 
pu.^hed through the skin at the anaesthetised spot, and 
through the intercostal muscles, for about 1 cm. or less if the 
patient be very thin. It must be held tirmly in the hand, with 
the top of the trocar in the palm, and not in the position of a 
pen between the fingers. The trocar is now withdrawn and 
the stopcock turned, so that the lumen of the nCedle is in 
communication with the tube leading to the manometer. 
The cannula is now pushed on through the remainder of the 
intercostal muscle down to the pleura. 

When it is in contact with the pleura, but not through it, 
an oscillation will probably be observed in the manometer, 
not directly synchronous with respiration and of small 
extent. The cannula is now pushed through the pleura, 
which can often be felt to give way with a snap. Great care 
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must here be taken not to penetrate the When the 

cannula is in the pleural cavity the fluid in the limb of the 
manometer falls below zero and oscillates with respiration. 
These oscillations correspond accurately with the respiratory 
movements, falling with inspiration in the limb C" of the 
manometer and rising with expiration. A reading is now 
taken, each centimetre of fall of fluid in the limb ('/' corre- 
sponding with a change of pressure in the pleural cavity of 
2 cm. of water. The oscillations should he jit least 6 to 6 cm., 
and are often as much as 10 cm. Thus ijt reading of — 10, 
— 2 may be obtained, giving a mean nc^tivc intrathoracic 
pressure of — 6 cm. water. The respiratory fluctuations are 
greater when the patient takes a very desfert breath, but the 
reading should be taken with ordinary |uoderatcly deep 
breathing. The needle may beconu^ b!o|iked during its 
passage through the deeper parts of the ehefet wall, in which 
case it can be cleared with the stilcite which is supplied with 
the No. 1 needle. Tlie visceral layer of the pleura may also 
come in contact with the end of tluj cannula and cause 
obstruction. Letting in a small quantity of air by opening 
olips 1 and 2 is the best means of dealing with such a condi- 
tion. When it is certain that the end of the cannula lies free 
in the pleural cavity, air may be admitted. This is accom- 
plished by opening the clips 1 and 2, when tJie air is sucked 
from the bottle B into tlie chest, and fluid passes over from 
bottle A into bottle B to take its place. When about 100 c.c. 
have thus passed in by suction, tlie bottle A t*au be raised 
slightly and another 200 c.c. of air admitted. The clips 1 
and 2 are then closed, and the manometric readings taken 
for inspiration and expiration, with the patient breathing 
quifetly and moderately deeply as before. They will still be 
negative, unless the air has been injected into a small locu- 
lated pleural space. These readings may be — 8, — 1. The 
mean pressure would in this case be — 4*5. The pressure 
changes, and the amount of gas injected, would then be 
recorded as follows ; — 6,800 c.c., — 4*5. It is to be noted 
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that with this pneumothorax apparatus readings of intra* 
pleural pressure cannot be taken while air is flowing in. The 
clips 1, 2 and 3 must be closed in order to obtain a reading. 
The needle is now withdrawn from the chest and a little 
iodine again applied to the site of the puncture. A eollodioii 
dressing is not usually required. If there be a tendency to 
cough, a large pad and a firm chest binder should be used 
in order to minimise extravasation of air. The patictit is 
kept in bed at absolute rest for the first mouth of pneumo- 
thorax treatment. 

Refills. — The same ap})aratus is required as for the initial 
pneumothorax operation, but a No. 2 needle (Saugman) is 
used. The patient is prepared as before, but it is not usually 
ncc^essary to give a preliminary injection of omnopon unless 
he be very nervous. It is wise, however, not to omit the 
anacsthetisation of the pleura with novocaine, as death may 
follow from pleural slioek in refills as well as during the 
primary indtiction. A spot close to that used for the induc- 
tion is chosen. The No. 2 needle is taken from its sterile 
gauze, flamed, and the stilette slightly withdrawn, so that it 
does not protrude beyond the point. The rubber tube lead- 
ing to the manometer is attached to its side arm. The 
pneumothorax apparatus has already been prepared with 
the fluid in bottle B up to the 0 mark, the remainder being in 
bottle A. The clips 1 , 2 and 3 are (dosed. The needle is now 
pushed straight through the chest wall at the anaesthetised 
spot into the pleural cavity. Directly it is felt to enter, the 
stilette is withdrawn and the sto}>coek closed, so that the 
lumen of the needh‘ is in communication with the mano- 
meter. The fluid in the manometer will now oscillate. The 
pointed needle is used as the air introduced at the primary 
induction (on the previous day) will prevent the lung being 
injured. 

The reading is then taken. This will be found to be lower 
than the final reading at the previous injection, as some of 
the air introduced has been absorbed. Clips 1 and 2 are now 
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opened and air allowed to enter the pleural cavity. After 
about 200 c.c. have passed in, the clips should be closed and 
a reading taken to make sure that the needle is in tlie }>leural 
cavity and that the pressure is not rising too quickly. About 
400 or 500 c.c. will probably be enough for the first refill, in 
order to reduce the negative pressure in the pleural cavity 
about 2 or 3 c.m, of water. Thus the readings at the first 
refill may be — 5*5, 400 c.c., — 2. If there be many adhe- 
sions, and the lung be not collapsing welh a smaller quantity 
of air should be required to reduce tlie negative ]n*essure to a 
similar degree. The Jieedle is then withdrawn. 

The spacing of refills, and the detenninfition of the correct 
amount of air to be injected, is a matter l>| cTctreme import- 
ance, and is comparable with tlu‘ administre|tion of a vaccine. 
In neither case is it a matter of routine, in feaeh the persojial 
factor of the patient is of paramounl importance. Usually 
the second refill is given two days after the first, and the 
third three days after the second. The interval can then be 
gradually lengthened to a w^eck, ten days, a fortnight, three 
weeks and a month. High intra])leura.l pressures should be 
avoided, as they cause mediastinal displacement, possibly 
tend to promote ])loural effusion, and seem to have a direct 
relation to loss of weight on the part of the patient (Burrell 
and Garden (6) ). 

If there be a rise of tcm)>erature after the initial iruluction, 
the first refill should not be given the next day. The tem- 
perature should be allowed to subside first. A ris<‘ of tem- 
perature just before a refill is due, probably imlicates that the 
refills arc being given at too lojig intervals, and that the lung 
is starting to re-expand (Burrell (7) ). A rise of temperature 
after a refill is sometimes an indication that too much air 
has been injected. An X-ray should be taken at the end of 
the second week to determine the d(*grc(i of pulmonaiy 
collapse, and the subsequent treatment sliould be subjected 
to X-ray control, in order to determine what degree of 
collapse is necessary to produce the optimum effect, as judged 
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by temperature, pulse and body weight, and also so that the 
range of intrapleural pressure which produces such collapse 
can be ascertained. It is not usually necessary to use a 
positive pressure to produce satisfactory collapse. 

Difficulties and Some Complications.— -The manometer has 
been described us the heart of the pneumothorax apparatus. 
It is certainly of vital importance, not for the actual intro- 
duction of the air, but for its safe introduction. 

The character of its oscillations affords the only reliable 
guide as to whether the end of the needle lies free in the 
intrapleural space. These typical movements have already 
been described. 

Certain abnormal events may occur, in which case no air 
must he admitted into the chest : — 

A negative pressure may be obtained on inserting the 
needle into the i‘hest, but the fluid in the manometer may 
show this as a stationary negative pn^ssure, without any 
respiratory excursions. This indicates that the needle has 
been in the ])Jeural c*avity, but is now either blocked or in 
the lung. The negative ])ressure may increase for a little 
willi each inspiration, witliout any oscillations occajcring jf 
the needle be in the lung. 'Hie pressure may be slightly 
j>ositi\'C during expiration at the primary induction and 
negathe during inspiration, indicating that the needle is in 
a bronchus or small ca\ ity in the lung. The manometer may 
show a positiN e pressure which rises slowly or rapidly, indi- 
cating that the needle is in a blood vessel. The blood may 
then be seen passing through the glass connection E in the 
rubber tube attached to the needle. The pressure may be 
negative, but shows irregular respiratory oscillations if 
the needle be in a pleural cavity, much loculated by 
adhesions. 

From such examples as these, it will be realised how impor- 
tant it is to be certain tliat the manometer indicates that 
the needle is in the pleural cavity before any air is admitted. 
Oomplicationd. — Pleural shock may occur, esptgqially 
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if the patient be very nervotis and if the pleura he not 
anaesthetised. 

Surgical emphysema may develop within a few hours of 
the injection of air, either as the result of couj^hing or because 
of injury to the lung, or because the air has been injected 
extrapleurally between the pleura and the intrathoracic 
fascia. If a lung, which is bound down to the chest wall 
by adherent pleura, be punctured, surgical em])hysema may 
develop without the introduction of any ait. 

Ga^ EmhotUs, — ^This may occur from ii^roduction of air 
into a vessel, especially a pulmonary vein, la;, which the pres- 
sure is negative. ! 

Effusion . — About 50% of pneumothorax; qases develop an 
effusion in the pleura durmg sonic time of ^leir treatinc‘nt. 
This may be : Small, giving rise to litil(‘ C5oi[Stitutional dis- 
turbance, and often unrecognised except by JC-rnys. Large, 
causing constitutional disturbance with pyi'exia. The Iluid 
is serous, rich in cells and frequently contains tubercle 
bacilli. It indicates an active tuberculous pleurisy. Infective, 
often accomjianied by rigors. This is i^yogenic in origin. 

' In any case pleural adhesions are likely to occur, and it is 
improbable that a satisfactory (.‘ollapse will be obtained 
afterwards, unless tlu* fluid be removed and replaced by ajr. 


The Treatment of Spontaneous Pneumottiokax 

In cases of spontaneous pneumothorax in which pressure 
symptoms are urgent, it has been the custom to allow the 
air to escape through a needle inserted ijito the pleural cavity. 

The use of the Lillingstoii and Pearson apparatus enables 
the intrathoracic pressure to be determined before and after 
the air is removed, and also gives a reading of the volume of 
air that has been abstracted. It may therefore be employed 
with advantage. 

For this purpose the bottle B is filled with fluid and the 
bottle A is almost empty. The chest wall and pleura are 
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ana‘stlK‘tise(l witli uovocainc, as for pneumothorax iiidu<!» 
tion. and a No. 1 needle inserted into the pleural cavity. The 
irltrathoracic pressure is then read, the clips 1 , 2 and 8 being 
shut and 4 open. A reading such as — 8 + 10 may be 
obtained, indicating a mean pressure of + 1. The fluid in 
bottle B is now allowed to run over by siphonage into bottle 
A by oj)ening the clips 1 and 2, and air from the chest 
rcpla<jes the fluid in the bottle B, the air in bottle A being 
expelled through lube II. Sufficient air should be removed 
to relieve the intrathoracic tension and produce a final 
pressure, which is slightly negative. In the example quoted 
after removal of 400 c.c. of air, the readings were — 8 + 
a mean of — 1 . The needle is then removed from the chest. 

If the incssiire subse(|uently rise, as is often the case 
with a valve-o])enii)g in the lungs, more air can be removed 
in a similar manner on a subsequent occasion. In cases of 
spontaneous hydropiieumothorax, the fluid cun be simul- 
taneously removed through an as]>irating (jannula inserted 
into one oi‘ the lower intercostal spaces. 

It must be remembered that, after removal of gases from 
a pleural cavity, the whole of the piumniothorax apparatus 
will require sterilisation before it is used for another patient. 
This is because the gases from the |)leural cavity have passed 
into the bottle B. The bottles, tubing, and filters should 
be dismantled and boiled. The filters arc then refilled 
with sterile wool and fresh perchloride solution put into the 
bottles. 


Gas Hnn.ACEMKNT of BLimRAL Effusions 

Oil April 25th, 1882, Parker (8) demonstrated to the 
Fellows of the Royal Medi(;al and Chirurgical Society, London, 
an apparatus for injecting filtered and earbolised air into the 
pleural cavity in order to facilitate aspiration in cases of 
empyema. He also referred to a case which had been success- 
fully treated by this means. Judging from the subsequent 
discussion, the suggestion was not very favourably received. 
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The operation is now, however, a recognised and valuable 
method of treatment for certain eases of pleural effusion. 

Gas replacement consists in the rcnu)\ al of fluid from the 
j^leural cavity through one of the lower intercostal spa<^cs 
tow^ards the back, and, at. the same time, the introduction of 
air or nitrogen to take its place through one of the inter- 
costal spaces higher up and in front. Nitrogen gas does not 
appear to be absorbed quite* so quickly as i|ir. 

This treatment is of most value in cas<^ of tul)erculous 
pleural effusion, but is at times used pneumococcal 
empyema, and for effusions due to maligjjp^t disease. In 
tuberculous pleural effusions it is of value the following 
reasons : — ? | 

The lung is not allowed to rc-expand. i!l|ny )>ulmonary 
tuberculous focus is thereby kept at rest andf adhesions are 
prevented from forming between the two pleural layers. 
These would probably render the subse(]uent establishment 
of an artificial pneumothorax impracticable. 

When the mediastinum has been sc\’(Tcly dislociated by a 
large effusion, the removal of the whole of the fluid juay not 
l)e possible owing to symptoms of shock appearing as the 
licart passes back to its normal site. Gas r(*pla(jemeut allows 
the fluid to be rcmo\Td without a suddi n rendjustnunit pf 
the mediastinum. 

The pleural cavity can be almost eom])k‘tely eTn])tied. 
This tends to lessen the ])robal)ility of basal adhesions 
subsequently fonn ing. 

Gas replacement diuiinislios the t(*ndcn(ty to the re-forma- 
tion of pleural effusion, which so frequently takes ])laec after 
simple aspiration. The method is therefore oJ' value in the 
treatment of chronic recurrent pleural effusions. This is 
strange when it is remembered bow often a pleural effusion 
complicates the establishment of an artificial pneumo- 
thorax. 

Pneumococcal empyema may, in some instances, be suc- 
cessfully treated by this method without recourse to an open 
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operation, as has been advocated by Chandler (9). It must 
be impossible to remove by aspiration the large clots of 
exudate which are almost invariably present. 



Ftg. 37. — Buireirs Aspirator. 

In suspected cases of malignant disease of the lung, 
mediastinum or pleura, (5omj>licated by a pleural effusion, a 
gas replacement of the fluid is of value in allowing a clearer 
X-ray picture to be taken for diagnostic purposes. It 
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probably does not relieve pain, if withdrawal of the fluid 
alone failed to do so, although it is sometimes used for this 
purpose. 

The fluid may be removed by a Dic‘ulafoy 100 o.c. glass 
aspirating syringe with two taps, or by a Potain’s aspirator. 
It may also be allowed to drain away by simple siphonage 
through a^needle and rubber tube. The improved aspirator, 
described by Burrell (10), possesses several advantages over 
the older methods, and is simple to use. 

Apparatus. — Burrell’s aspirator with l^ain's trocar and 
cannula in three sizes (see Fig. 37). ^ 

Pneumothorax a])j)aratus with No. 1 nijieijElle (Biviere). 
Hypodermic syringe' and needle. ' \ 

Iodine, gauze and collodion. | 

Sterile novocaiuc solution (^ gr. in 10 m.)| 

The aspirator bottle and tubes are first steruised by boiling. 
The lower tube D is clumped off, and boiled water is poured 
into the bottle until it is about one-tJiird full. The eork and 
tube B are put into its upper end, and it is then hung on the 
side of the bed. It is important to sec that all the connec- 
tions are air-tight, or else aspiration will not take place. 

Operation. — The skin over one of the intercostal spaces is 
painted with iodine at the site judged to be most favourable 
for the removal of fluid, either in the ])ostcrior axillary line 
or in the mid-axilla. The patient, lying on the sound side, 
is propped up vslightly with pillows. The skin, muscles and 
j)leura are now anacstlietised with 2 c.c. of the novocaiiie 
solution, as for pneumothorax induction. The pulse rate is 
counted. The Potain trocar and cannula is now introduced, 
the rubber tube from the upper opening of the bottle being 
first attached to the side arm of the cannula. When the 
trocar and cannula have pierced the pleura, the trocar is 
withdrawn to its full extent, and the stopcock turned so that 
the lumen of the cannula is in direct communication with the 
bottle. The clamp from the exit tube D of the bottle is 
opened, and, as the water runs out into a receptacle on the 
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floor, the fluid passes from the chest into the battle to take 
its place. A continuous stream is thus established from the 
chest to the bottle, and from the bottle to the receptacle, 
but the level of fluid in the bottle remains constant. When 
a satisfactory flow is thus obtained, it is stopped temporarily 
by clamping the tube, while a No. 1 pneumothorax needle, 
attached to the tube of the artificial pneumothorax apparatus, 
is inserted into the pleural cavity in front, above the level of 
the effusion. The intrapleural pressure is then recorded. If 
this be high, above a mean of + 4) cm. water, fluid is run out 
of the (ihest to lower it before any air is mtroduced. Air is 
now passed in to take the place of the fluid running out. 
The rate of the admission of the air is so regulated^ by raising 
or lowering the bottle A, that the intrapleural pressure is 
kept about cionstant. 

If by any chance the pneumothorax needle should have 
been inserted into fluid, either free or pocketed in the pleura, 
the fluid will be observed passing through the glass connec- 
tion (E) in the rubber tube (N) attached to the pneumothorax 
needle. It can be prevented from reaching the filter F by 
closing the clip 4. Before allowing air to enter now it Is 
advisable to run off some fluid through the aspirating cannula. 
The pulse should be taken from time to time to see that it 
does not increase in rate unduly. If this occur the operation 
should be stopped. When all the fluid has been run off, the 
intrapleural pressure should be left slightly lower than it 
was at the beginning. It will usually be found that less air 
has been introduced than fluid withdrawn, even if the final 
pressure be equal to the original one. On removal of the 
aspirating cannula, a gauze and collodion dressing should be 
applied, 

Lipiodol in Diseases of the Luncs 

It is not possible to visualise clearly the outline either of 
the bronchi and their ramifications or of pulmcmaiy cavities 
by means of a direct X-ray esd^ination. If* however, some 
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substance opaque to the rays be introduced into the bronchi, 
their configuration is clearly revealed. Chevalier Jackson 
(11) in 1918 insufflated for this purpose a bismuth powder 
tlirougli a bronchoscope, and Clcrf (12) later reported two 
cases in which he used this method and outlined the bronchi 
with a dry powder of bismuth subcarbonate. lie advises 
that only one lobe of a lung should be delineated at a time, 
and insufflates about two drachms of ]K)w4cr. A bismuth 
paste, injected into a bronchus through a b^onch()seoj:)(*, was 
also used for this purpose by Lyiiah and Stej^frt (18) in 1920. 
The clicst was then quickly X-rayed, as t[iiei^|smuth is easily 
disturbed by coughing. In this way the <^|line of a bron- 
chiectatic cavity was clearly shown. The p^r^aration which 
Lynah used was a paste nuide of one j^arfe m bismuth sub- 
carbonate in two parts of oilve oil ; it was sterilised by heat 
before injection, and about 8 c.c. were introduced. 

The use of bismuth has now been supersedi^ by a Frexich 
])reparation known as lipiodol. Lipiodol is a compound of 
iodine in poppyseed oil, whi(*.h contains 40% iodine. It is a 
transparent oil of a light brown colour, which is opaque to the 
X-rays, and so heavy that it sinks in water. On prolonged 
exposure to air it darkens, and should not then be used for 
injection. Sicard and Forestier (14) in 1922 injected it iqto 
the trachea in man, using either u (cannula introduced into 
the glottis with the aid of a laryngoscope, or else passing it 
through a curved needle inserted through the crieo-thyroid 
membreine. 

It had previously been shown that lipiodol, despite its high 
iodine content, is non-toxic, and produces no reaction when 
injected subcutaneously, intramuscularly, or even intra- 
venously. After injection into the bronchi, the greater part, 
of the lipiodol is removed from the lungs by ex})ectoTation, 
but it is also dissociated by the pulmonary tissues and the 
iodine is cg.rried in the general circulation and excreted partly 
in the urine and partly in the saliva. Lipiodol remains for 
some time in a hmg which has previously been collapsed by 
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an artificial pneumothorax, as the expulsive action of cough* 
ing is thereby abolished. 

Sergent and Cottenot (15) in 1928 performed important 
work on the subject, using lipiodol for outlining cavities in the 
lung. Their method was to introduce a curved needle, the 
calibre of that used for lumbar puncture, through the crico- 
thyroid membrane, and first anaesthetise the trachea by the 
injection of 8 or 4 c.c. of 2% cocaine. After a few ndiiutes 
the needle is connected by a stout rubber tube to a syringe^ 
containing the lipiodol, of which 20 to 40 c.c. are slowly 
injected into the trachea. 

Armand-Dellile, Duhamel and Marty (16) in 1924 pub- 
lished their experiences of the method in the diagnosis of cer- 
tain pulmonary affections of children. They employed a 
curved trocar and cannula, which was inserted through the 
crico-thyroid membrane, and held in position by tapes tied 
round the neck, attached to a flange on the cannula fitting 
the neck like a tracheotomy tube. The advantage of this 
instrument is that it is not likely to become displaced if the 
child move, swallow or cough, and so the subsequent injection 
of the lipiodol is facilitated. About 8 to 10 c.c. of lij>i- 
odol are sufficient to outline the bronchi in a child of seven 
to fourteen years of age. Similar observations on children 
have been published in America by Amiand-Dellile and Gel- 
ston (17), and in England by Armand-Dellile and Mon- 
creiff (18). 

A straight needle attached to a syringe may also be used 
for the injection, and this method is now frequently employed, 
the lipiodol being introduced either through the crioo-thyroid 
membrane, or directly into the trachea below the cricoid 
cartilage as is done by Tudor Edwards. The latter site for 
the injection appears preferable as there is less risk of the 
lipiodol irritating the larynx than if it be introduced through 
the crico-thyroid membrane. 

The Indications, — ^X-ray photographs of the lungs after 
intratracheal injection of lipiodol afford a graphic representa- 




liO. —Radioiiram of chest ahoAvn in Pis». 38 after 
injection of ^ijiiodol. 




Fia. 4(I.-Radi,,srnm of ehoHt after lipiodol injeetion, rf, owing eav.tieH 
<<>ntainiijg fluid and gas (erect positum). 
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tion of the positictti of the tr^^chea and main bronchi, of cavi- 
ties in the lung connected with patent bronchi, of bronchial 
and pleural fistulac, and of the relative permeability of the 
bronchial fields in different portions of the lungs. 

Thus, it will show displatiement of the trachea and bronchi 
due to pulmonary fibrosis or other causes, the presence of 
bronchiectasis in its various stages, and whether or not tlic 
lumen of the bronchi is obliterated by obsh(fuetiou within or 
without, such as that caused by a foreign body, i>(‘W growth 
or fibrosis. Lipiodol injections are ehit^liy of vrlue in sus- 
pected cases of bronchiectasis, to detei'inill^ whether there 
is a cavity present, and, if so, ’the ext(*nt 0| lung involved. 
They also show the condition of the a])pai^fe4tly sound lung. 
This is of great importance in Ihe treatni(*nt broil chie(*tasis, 
especially in those eases in which it is imposi^ble to establish 
an art ificiai^neumot borax on account of pleural adhesions, 
and in which a surgical operation, sucli as tJioracoplasty, is 
contemplated. A thoracojdastie operation for bronchi- 
ectasis would generally be contra-indicated if the lipiodol 
injection showed that the opposite lung was also the seat 
«if bronchiectatic changes. In children, lipiodol injections 
are chiefly of value in distinguishing be tween cavities due 
to bronchiectasis and those (*aused by tuberculosis. ^In 
definite cases of tuberculosis it is considered by some inad- 
visable to inject lipiodol, for fear of increasing the activity 
of the disease. 

The X-ray appearances of the lungs before and after 
lipiodol injection are shown in the accompanying plates (see 
Figs. 88, 89, 40 and 41). The alteration iu the appearances 
of the shadows in bronchiectasis in the erect and supine 
positions owing to the presence of gas and fluid is well shown. 
This affords definite radiological e\idenee that cavitation is 
present (see Figs. 40 and 41). Fig. 89 shows the bronchial 
tree outlined with a thin layer of lipiodol, it was taken with 
the patient lying down, and the amount injected was not 
nearly sufficient to fill the bronchi. 
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Apparatus. — Minim syringe with a fine needle (No* 7, 
hypodermic). 

Minim syringe with a stouter needle (No. 2, hypodermic). 

Lipiodol syringe. This must be strong, as considerable 
pressure is required to force the oil through the needle, and 
it should be furnished with a finger support to aid injection. 
A special pattern is made by Allen and Haubiiry, in which 
a straight needle (No. 17 B.W.G., 1| inches long), screws 
on to the syringe, and the piston moves either by a slide 
or screw action, controlled by a small and adjustable cap. 
The slide motion of the piston is for filling the syringe 
through a spi^cial wide-bore cannula, and the screw action 
facilitates injection, as there is less risk of displacing the point 
of the needle from the lumen of the trachea than if the piston 
be pushed down directly by hand. There is, however, a 
practical object ioti to the use of the screw actionr^ »^The piston 
cannot be withdrawn a trifle to suck back a bubble of air 
during inje(?tion without undoing the screw\ This is often 
required to make sure that the needle is still in the trachea. 

Sterile novocaine solution, 1%. 

Sterile cocaine solution, 5%, 

Lipiodol warmed in hot water bath. 

Ipdine and wool. 

* The Operation. — If the patient be of a nervous tempera- 
ment he should receive a preliminary injection of -J- gr. omno- 
pon half an hour previously. He is placed in a seini-sitting 
position, the head straight, neck extended and propped up by 
pillows. Subsequent movements of the patient are facilitated 
if he be on an adjustable operating table. The skin of the 
neck is painted with iodine, the position of the cricoid carti- 
lage identified and the skin and subcutaneous tissues down 
to the trachea anaesthetised by injecting J to 1 c.c, of novo- 
caine through the fine needle ; 10 to 12 m. of cocaine are 
then injected into the trachea through the stouter needle. 
For this purpose the cricoid cartilage is steadied with the left 
hand, and the needle attached, to the syringe containing the 
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cocaine is pushed at right angles to the skin into the trachea 
just below the cricoid cartilage. There is usually no diffi- 
culty in avoiding the cartilaginous rings, the needle can be 
felt to enter the trachea, and on withdrawing tlie piston 
slightly, the passage of a few bubbles of air into the syringe 
will show that the point of the needle is free in the lumen of 
the trachea. The cocaine is then raj)idly injected and the 
needle withdrawn at once so that it is not broken when tlie 
patient coughs. The cough causes the cosine to be spread 
oVer the surface of the trachea and lower of the larynx. 
The lipiodol, which has in the meanwhile beelb farmed to body 
temperature in a water bath, is drawn u|i into the special 
syringe, the needle attached, and quickly it|t;ijoduced into the 
trachea just below the cricoid cartilage as mr the injection 
of the cocaine. The piston is withdrawn a little and a bubble 
of air suckfc8**back to verify that the needle |s in the correct 
position. Owing to the size and direction of tJie right main 
bronchus, there is a tendency for the lipiodol to pass into 
the right lung if the patient lie on bis back. If it be desired, 
however, to inject the left bronchial field, the patient must 
be turned to the left side as soon as the needle is in the trachea. 
He should, however, be kept in the semi-sitting posture, and 
the position of the point of the needle verified by again drawl- 
ing back a little air before the injection is begun. ^ 

Twenty to thirty c.c. of lipiodol are tJu n slowly injected by 
depressing the piston, keeping the syringe (juile steady during 
this operation and from time to time withdrawing a bubble of 
air if there be any doubt whetlier the needle is still in the 
trachea. In order to inject the aj)ical bronchi the lipiodol 
must be allowed to run below the bifurcation of the tra<diea 
before the patient is tilted to one side and the head lowered. 
This usually takes from two to three minutes. After remain- 
ing in the required position for five or ten minutes, he is 
taken to the X-ray room and photographed first in the supine 
and then in the erect position. 

Ditfloultids and Some Complications. — ^There is not usually 
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difficulty ill entering the trachea, but small children may 
require a general anaesthetic to prevent cough. If the trachea 
has been properly ana?sthctised by cocaine, coughing does not 
usually occur. The chief difficulty is to keep the ix)int of the 
needle free in the lumen of the trachea while the requisite 
pressure is being exerted on the piston to inject the oil. If 
this be not done, the lipiodol may be injected into the tissues 
around the trachea and may thereby produce compression 
with tracheal dysjma'a. 

Such complications as idiosyncrasy to iodine with resulting 
cedema of the larynx and hypersensitiveness to cocaine have 
been recorded, and in some instances symptoms of asphyxia 
have been noted which have, however, rapidly disappeared. 
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CHAFJTER XI 


CUTANEOUS PROTEIN TESTS AND 
DESENSmSATION 

The determination of the local reaction of an individual 
to various protein substances applied to a cutaneous abrasion 
is of value in investigating the etiology of such diseases as hay 
fever, asthma and urticaria. 

This method has only been practised on an extensive scale 
during the past few years, but as far back as 1860 Hyde 
Salter (1), in the first edition of his work on ast^na, pointed 
out that, in his own case, he was subject to three different 
varieties of asthma. These he calls common asthma, hay 
asthma and cat asthma. An .attack of the latter was induced 
by the presence of cats, and lie makes the interesting obser- 
vation that “ the wound from a claw, whatever be its fornu 
is always surrounded by a white,’ hard elevation or wheal, 
very much resembling the apjiearance consequent on the 
sting of a nettle.” 

Hay Fever. — In 190.3, Dunbar (2) demonstrated that the 
skin of a hay fever patient is sensitive to pollen toxin, 
whereas this is not the case with a uomial individual. In 
England liay fever is usually due to the Timothy grass 
pdlen, although tree pollens may, in some instances, be 
resjxmsible. The nature of the pollen to which a sufferer 
from hay fever is susceptible should be determined during 
the winter ; prophylactic inoculation can then be carried out 
before the next hay fever season commences. 

The proteins can be obtained in solution in various 
strengths, and “ pollaccine ” is available for testing the 
cutaneous reactions. 

S86 
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Cutaneous Tests , — The requirements ft)r tiie test are as 
follows : Pollaccine, scalpel or needle, spirit lamp, ether or 
spirit. “ Pollaccme ” contains pollen toxin and 0*5% car- 
bolic acid. It is supplied in capillary glass tubes (;ontaining 
a varying number of units of pollen toxin, as 5, 15, 50, 150, 
500, 1,500 and 5,000 units. The unit of pollen toxin is that 
quantity which can be extracted from one tliousandth part 
of a milligram of phleum pollen. 

The arm is cleaned and scratched \vitli a\ohecdle as for the 
asthma cutaneous tests (see p. 289). The contents of the 
tube containing the weakest solution are; then ejected, by 
means of a rubber teat, over tlie abrasion all4 rubbed in with 
the needle. If the reaction be positive aft iirticarial wheal 
appears in about a quarter of an hour, surrcluuded by a red 
areola. If is usually conveilient to apply the four weakest 
dilutions toiirj^ljfferent abrasions at the same * 1 : 1010 , and if no 
reaction o(JCur the three stronger dilutioivs (*4in be tested on 
fresh sites. If this precaution be not taken, and all the 
dilutions be tested simnltaiK'ously, a very marked local 
rea(;tion may occur on the arm if tie/ ]>atient be \*ery 
liijsccptiblc. 

Instead of using tlie skin, the conjunctiva may be employed 
in the test, as was shown by Dunbar (2) in 1908. 

In this case the pollen toxin containing no carbolic acid 
preservative is used. A posit i\'e reaction consists in a slight 
reddening of the and takes jilace in tliree minutes. In 
general it will be found the ey<* will react to a dilution 
of toxin of one- third the strengtli required to produce a 
dermal reaction 


PRornYi.ACTic Inociu.ation 

This is carried out during the winter and siiring. Dunbar (2), 
in 1903, found that injection of pollen toxin into animals 
gives rise to an antitoxin, and Noon (8), in 1911, worked out 
the technique of active immunisation by the injection of 
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toxin in man. Therapeutic immunisation was further investi- 
gated by Freeman (4). 

The amount of toxin to be injected is determined by the 
strength required to produce a cutaneous or ophthalmic 
reaction. Thus, if the skin react to 15, units the eye will 
give a positive result with 5 units, and one-third of the 
latter quantity constitutes the prophylactic dose for sub- 
cutaneous injection. This injection should be repeated 
every ten to fourteen days for several months. 

Asthma. — The cutaneous reactions in asthma have been 
investigated in America especially by Chandler Walker (5) 
and in England by Coke (6). The proteins are obtainable 
either as dry powders, solutions or pastes. 

The paste preparations are put up in small collapsible 
tubes and have certain advantages. These are their ease of 
application and their relative stability. Thus^whereas the 
solutions, unless freshly prepared, arc liable to lose their 
activity, it is claimed that the pastes remain potent for at 
least six months and usually for considerably longer. The 
solutions and ])astes may be obtained containing only one 
protein in each preparation, or in. group form wherein several 
allied proteins are mixed. Tn the latter case, if a positive 
reaction be obtained with a group preparation, the individual 
proteins must subsequently be tested separately in order to 
determine which are responsible for the reaction. 

More reliable results are obtained by employing the indi- 
vidual proteins, as the substance to which the astlimatic is 
sensitive may only be present in minute quantities in the 
mixture. 

The obvious drawback to the individual method lies in the 
large number of proteins which may have to be tested. A 
study of the table given below will enable the reader to 
select and test first those proteins which are most likely to 
give a reaction in a routine examinjition. Chandler Walker 
obtained a positive cutaneous rtjaction in 48% of 400 cases 
tested, and Coke shows 52% positive in a series of 850 cases. 
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A comparison of their results is pjiven following 

i,«ble ^ 

Chandler Walker (5). Coke (0). 

Pollens . .28% .. 1M% 

Animal hair . 19*5% . . 28-7% 

Cereals . . ^^*7% . . 12-1)% 

Bacteria . . h*2% . . 1*9% 

• • * *‘5*2% .. 2-0%, 

Pish . . . 2-0% .. , 1*4% 

Potato . . 1*7% • 1-7% 

The skin over tlic flexor siirfjute of the forearm is cleaned 
with spirit. If a large series of proteins is '^ be tested the 
whole of the arm and forearm will be requi^e^, })ut the skin 
in the region of the ant(‘eubital fossa slumld bf avoided, as it 
is more sensitive to tlie protein than other parts. Two or 
thre(‘ small stemtcdies arc then made with a. sharp scalpel or 
needle sterilised in the flame. Tliey should be suflicienlly 
d(‘ep to remove the surface ej)itbelium. but not to draw blood. 
A little of the })aste is taken up with the needle or scalpel 
and rubbed into the abraded area. Tlie instrument is then 
n4ped clean and resterilised. Similar s(Tatcbes and inocula- 
tions arc made in a rc*gular series down the arm, about 
inches apart, and, if necessary, two I’ows (‘an thus })e fonned. 
A control with a ])aste free from ])roteiu should also be^made. 
The procedure is the same with f)owders or solutions, but in 

N . 

th(‘ former instance a drop of eauslie soda solution is 

placed on the abrasion with, a j)lafiniini loop, and with the 
loop still w^et a little of the powder is taken up and mixed 
with the soda solution on the skin. The solutions are either 
shaken out from the glass tubes or ejected wuth a rubber t(‘at. 
The Reaction. — In the case of a positive reaction a red 
area appears at the site of the abrasion, usually Avithin a few 
minutes. This increast^s in size and may be accompanied by 
itching. This is followed by the formation of an urticarial 
wheal, w*hi<d\ should rea(;h to a diameter ot at least 0*5 cm., 
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hikI has often an irre^ulur outline. The maximum reaction 
is usually obtained in half an hour, at which time the proteins 
may be washed off each abrasion with a little cotton wool 
soaked in saline or water. A fresh piece of cotton wool must 
be used for eat»h sf)ot, so t))at they may not be contaminatcfl 
by other proteins. The reactions are then read. 

In som(‘ (‘ases a reaction is delayed and the patient should 
be instructed as to tliis eventuality, and asked to record on a 
cliart the site at whit^li any reaction may appear within the 
next twenty-four hours. 

Urticaria.— Similar protein cutaneous tests may be carried 
out in eases of intractable urticaria. 

Dp:sknsjttsation in Asthma and UI{TJ(^\!UA 

After the discovery of the specific jnotein proteins to 
wliich a ])alient gives a dermal reaction, the cpicstion of 
special treatment has to be considered. There are two main 
methods : Avoidance of the offending proteins ; or desen- 
sitisation by minute injections of the corresponding proteins. 

In the ease of articles of food, it is usually easy to omit 
from thediet any particular substances to wliich the patient 
is sensitive. Animals can also generally be a\oidcd, but 
difiiculty arises with ceilaiii of their emanations, such as 
dandruff, whicli is so universally present in tlie atmosphere 
of towns. Patients sensitive to feathers must be careful to 
avoid pillows, beds and eiderdowns containing feathers. 
Kapoc; {vegetable down) pillows may be used. 

In cases of asthma due to horse dandruff the dermal 
reaction is tested with j>rogressively weaker dilutions of the 
protein, until the weakest dilution causing a reac^tion is 
obtained. The dilutions used are usually I /I, 1/10, 1/1,000, 
1/10,000, 1/100,000 and 1/1,000,000. Desens it isatiou is 
attempted by subcaitaneous injections of the protein, com- 
mencing with 2 m. of a solution one-tenth weaker than the 
weakest dilution giving a dermal reaction. The injections 
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are made Iwic.e a week, inereasing by 1 in. each tin»c until a 
dose of 10 m. is reached. The next injeelion is then 2 m. of 
a solution ten times as stron/^, and so on, the dose and 
strength of the injections being: gradually increased, and the 
dermal reactions tested from time to time to make sure that 
dcsensitisation is being effeeted. and that the strcngtl) ot‘ the 
solutions injected is not snincient to cause a, entaneoiis 
reaction. 

It will be seen that deseiisitisation by this method is slow, 
and may take several months. Further; ^linlcss the jiatient 
is in the country away from Jiorse clandrult lining this time 
su(!ces,sful results are not likely to he obtaihefrl. 

Foke (6) recommends t})at (Iesensitisati6i:| against speeiiic 
articles of food may >)e attempt <‘d by giv^ them in small 
doses in pill form. Thus a pill containing I gr. of ])(‘a arid 
enished haii^^^t bean may be taken three times a day at 
first, ana the amount gradually imu'eased. This applies 
cs})ecia.lly to those cases in which, owing to oeenpation, it is 
impossible* to avoid coming in contact with the Toodstuffs in 
question. Injection of food ])rol('ins lias not giviii satis- 
factory results. 

Certain cases of broiiehial asthma, in wdiicih the sputum 
slums some ])redomiuating organism, n sjxmd W'cll to vaccine 
treatment. Wc have obtained the best results in these cases 
with an autogenous \'nccinc of B. Fnedlatuicr, tlie pneumo- 
coccus, tlie micro(x)Ccus eatarrludis, and, in sonu* instances, 
with the streptococcus. It is advisable to eommenec the 
injections wdtli small dos<*s, sueli as live millions, and gradually 
to work up to 40 or i>0 millions, if no undue reaetiou ensue. 

Non-specific vaceiiies may also be ol G allic in f)r(>dneing 
dcsensitisation in cases of avStbma, especially those obtained 
from the patient’s fecces. These usually consist of strepto- 
cocci and the B, colL and may be given in a mixed xiiccmc 

Auld (7) recommends the use of iieploiie as a method of 
desensitisation common to cases ol asthma caused by various 
proteins. A 5% solution of Armour’s No. 2 peptone may be 

Id*— 2 
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used. Tfie initial dose is 5 m. of the solution, given slowly 
intravenously. The injections are repeated twice a week, the 
dose being increased by 3 m. eacli time until six injections 
have been given. The last dose (20 m.) is repeated five or six 
times. No injections must be given during an attack, 
and the patient should be in bed and under observation, at 
any rate for the first few' injections. The temperature 
should be recorded about six hours after the injection, and if 
it rise over 1 ° F. the next injection should not be increased. 
In children Auld (8) recommends that the injection should 
be made into the spinal muscles, in which there is an exten- 
sive venous plexus. Witte’s peptone is not suitable, as it 
gives rise to too great a reaction, owing to the proportion of 
primary to secondary proteoses in it being relatively too 
great. 

Auld (9) has recently recommended tlie of serum 
peptone for ccses of asthma which have not responded satis- 
factorily to the administration of ])eptonc. Thirty e.e. of 
blood are run from a >'ein in the patient’s arm into a tube 
containing 10 e.e. of a 10, 15 or 20% solution of Armour’s 
No. 2 peptone in normal saline. After mixing, the tube |s 
placed in a sloped position in an incubator at C. until the 
serum jieptone separates out. It is then kept at room tern* 
jieraturc and the clear serum peptone poured off the next day. 
This is neutralised witli soda if acid, and 0 5 per <?cnt. phenol 
added. The 10% ])eptone is used for delicate patients having 
frequent attacks. The initial dose is 0*5 c.c., given intra- 
venously, the subsequent doses being 1 e.e., 1*5 c.c., 2 c.c,, 
2-5 c.c. and 3 c.c., given twice a week. The latter dose may be 
repeated once a week for two weeks, followed by 1*5 c.c. the 
next week, and a final dose of 1 c.c. a week later. If any 
reaction occur the dosage should be reduced slightly. This 
method is still on trial. 

Oral administration of peptone has also been tried, in 
doses of 3-5 to 7 gr., in capsules three times a day, half an 
hour before meals, as recommended by Widal (10). 
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Although tlie method of testing the dernijil I'eactions with 
subsequent attempts at desensitisatioii is at times followed 
by brilliant results, it must be admitted that the failures are 
numerous. One of the great diRiculties is that it is almost 
impossible to test the reaetiou to all the proteins to which 
a patient might be sensitive. Thus Freeman (11) states that 
“ only 1% or less of tlie possible j)roteins are available for 
testing.” The method is, therefore, one whieh always 
involves the outlay of a great amount ojC time, and whieh 
frequently brings no relief to the patient. 
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CHAPTER XII 


THE DETERMINATION OF THE SUSCEPTIBILITY TO 
DIPHTHERIA ; THE TREATMENT OF CARRIERS, 
AND IMMUNISATION AGAINST THE DISEASE 

TjIE ScmCK RP-ACTtON 

Tins tost was devised in 1913 by B. Schick (1) with the 
object of determining the suscieptibility of individuals to 
diphlJicria. 

The ro(iuirements for tlie test are as follows . — 

Diphtheria Toxin.- -This must be ))otent and pro])erly 
dilutetl, so that 1 e.(t. contains I/IO of a minimum lethal dose 
(M.L.l).). The M.I/.l). of diphtheria toxin is the minimum 
amount which will kill a guinea-pig weighing 350 g. in four 
days. The potency of the toxin is an essential factor in tHe 
reliability of the lest. The diluted toxin is not stable ; there- 
to! c it should be kept in an ice chest, and used at the latest 
within ’a week, and ))referably within twenty -four hours of 
dilution. 

Control diphtheria toxin, which has been heated to 75° C. 
for ton minutes. 

A syringe, graduated in tenths of a c.c., with a line, sharp, 
closely-litting needle (No. 1 dental needle). 

Alcohol, to clean the arm. 

The Test. — The flexor surface of the forearm is cleaned 
with alcohol. A site near the widest part of the forearm is 
chosen. The syringe is filled with the toxin, and the needle 
introduced intraderraally for about half an inch, with the 
bevelled opening at the point of the needle near the surface, 
and just showing through the superficial layers of the skin. 

204 
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'I'his is best done by holdin^r the back of the patient's arm 
with the left hand, a.nd putting*- th(‘ skin on the stretch by 
backward j>ressnre witli the finjrers and thuin)). The syrin^>c 
should be held almost ])anillel with the arm. Two-tenths of 
a c.c. of the toxin (l/aO M.L.D.) arc injected, thus forming’ a 
small wheal whi(!h jxrsists for a few minutes to half an hour. 
A certain amount of force is re(}uir(‘d for this injt‘ction, and 
it is therefore essential that the needle and syringe lit, 
accurately to prevent leakage. Tlie site of tlie injection may 
be sealed witli gair/e and collodion to pr(‘Vdpit tlie tluid leaking 
out, and the seal removed in two lionrs |0ic‘kiiison) (2), but 
this is not necessary if the needk* be wilhdfjijvvn slowly. The 
syringe is now w’ashed out, and an e(|Ue| amount of the 
control heated toxin is iiijeeled in a similar|rnauner into the 
opposite arm. \ 

The resuil^wig reactions are read after twenty-four hours, 
seventy-two hours, and ten days. Four ][K)ssibl(‘ n'uetions 
may ocjeur : — 

Positive Reaction. This indicates that the indi\idual is 
susee])tib](‘ to diphtlu'ria and that his blood contains lew or 
fio antibodies. After twcjitydbur to tliirty-six hours a dark 
red raised swelling, about half to one iiicli in diameter, round 
or oval in shape, is seen at the sitt' of the injection of Jiie 
toxin. There is little induration. The swelling retiehes its 
maximum about the third day and then gradually fades 
away during th(' course oL' a week. The skin becomes 
a little })igmenled, and some degn^e of scjaliiig may be seen, 
lasting to the tenth day. The control arm shows no 
reaction. 

Negative Reaction . — This is inler})r<‘ted as shoeing that 
the individual contains sutlicicnt antib(j(lies in the blood to 
render him immune to dij)hthcria. No swelling appears after 
the injection, and if any redness be seen it is present iu*the 
form of a line along tlic needle track. The control arm also 
shows no reaction. 

Pseudo-reaction . — Here a false reaction occurs, not due toT 
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the toxin, but to the presence of bacteria] })roteins* or other 
substances not yet ick^ntified, which arc present in the toxin 
preparation, and are known as “pseudo-constituents.’’ It 
indicates that antibodies are })resent in tlie blood, and that 
the individual is immune to diphtheria. Dudley (6) found 
that pseudo-reacitions wen* more common amongst those 
boys he examiiu‘d who had previously given positive re- 
actions, but subsequently gave negative ones, and who had, 
thcr(‘fore, developed immunity themselves. He eonc^ludes 
that “ the pseudo- reaction is probably due to fairly recent 
sensitisation of the skin by the proteins of the diphtheria 
bacillus.” The characteristics of this reaction are the rapid 
appearance of a bright red swelling without any sharp edges, 
and often somewhat indurated and urticarial. It is seen 
usually on the first day and fades u^\ay in two or three days, 
leaving behind little or no pigiin'iitation and desquama- 
tion. It occurs on both arms, and the reaction is no greater 
on the arm in jected w^ith unheated toxin than on the control. 
“ Giant ” pseudo-reactions ha\'e been obserx ed by several 
worke»rs. These (‘xtend over a large area of the arms, but 
rapidly subside after reaching a maximum in about fortyc 
eight hours. Pseudo-reactions are more i^ommon in adults 
than in children. 

(combined Reaction , — This is evidence that the individual 
is susceptible to diphtheria, and also reacts to the “ pseudo- 
constituents ” of the test toxin. According to Dudley (»3), it 
probably represents a transitional stage between suscepti- 
bility and immunity. A reaction is obtained in both arms, 
that on the control side being a pseudo-reaction, whereas 
that on the test ami is a combination of a pseudo-reaction 
and a positive reaction. It therefore lasts longer and gives 
rise to some pigmentation and des(|uamation. 

The Value of the Test. — ^The reliability of the test, as 
stated above, depends not only on the techni(iue employed, 
but also upon the potency of the toxin used in its perform- 
ance. Examples of differences in reaction, when toxin pre- 
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pared by different ni ami fact urers is used* are n^iven by 
Peters (I). 

Generally speaking*, it is found that a positive reaction is 
obtained in about 15% of children und(‘r three months and 
in 60% during the lirst year of life*. The great(‘st number of 
positive results are obtained between the ages of one and 
two years, wh(‘n about 70% react. About 20 of adults 
show susceptibility to diphtheria; thus Igingiier (5), testing 
1,488 healthy recruits in America, fouiM 17- r>% gave a 
positive reaction. Peters (4) (juotes exartlfliles of cases which, 
although immune according to the Schic^k rt*aclion, within a 
short time subsef|uently (iontraeted diphtljictria with indent 
organisms in the throat. ; t 

It is claimed that the reu(dion is, to ^ <‘.ertain (kgree, 
(plant itative, a positive result indiijali ng th|it the blood con- 
tains less kkv.n 1/80 unit of antitoxin jiiT wJiereas a 
lu^gative rea(ition shows that a great (*r amount of antitoxin 
than this is present. Ac(tording to Dudley (8) a negative* 
Schick reaction is always given by (carriers* of virulent 
dipiithcria bacilli, but carri<‘rs of avirulent ba<*illi may give 
(ijither a jiositive or a negative* reaction. If \ iruk^nt bacilli be 
found in the throat of a person giv ing a, positive Schick 
reaedion, it is an indication that diphtheria is in the inculia- 
tion stage and that (dinieal diphtheria will be ajipareat in a 
few days (Okell, Eagleton and O’Hrien (a) ). 


Thk Tkkatment of CAKinEIlS 

It IS often extremely dillieult to rid the throat of dij>htheria 
bacilli ill the case of ciarriers, but if tlu* organisms be virulent, 
as judged by their toxicity to a guinca-])ig, the carriers must 
be isolated until tree. 

Various methods, such as the use ol‘ gargles and throat 
sprays, have been employed, generally ineffcetually, and in 
some cases the tonsils have been removed, (iood results are 
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claimed by the injectioiivS of vaccines of diphtheria bacilli, 
(ither stock <;ult,urcs (Brownlie (7) ), or aiitogenons ones 
(Eyre (8) ), in doses of live to toi millions at intervals of five 
to seven days. Oju^ or two such injections usually sulfice. 
In dealing with large numbers the use of autogenous vaccines 
is obviously somewhat impracticable. Reith Fraser and 
Duncan (9) recommend detoxicated vac;eines in large doses as 
tlie best method of curing jMTsistent carriers, 20 millions to 
850,000 millions of the organism being given subcutaneously. 


Immunisation 

Passive immunisation, by means of diphtheria antitoxin, 
is the only method available for treating active infection 
with the di})htheria bacillus, resulting in clinical diphtheria. 
In adults, 8,000* units should be given siil^>?.utaneously, 
followed by subsequent injections, the amount of which is 
determined by their effect n})on the local lesion and the 
general disturbance. Schick (10) recommends that the 
amount of antitoxin given in a case of average severity 
should be 100 units per kg. of body weight, and that life 
maximum amount should be 500 units per kg. of body weight. 
Ilg state's that larger doses tlian this have no greater beneficial 
effect, , Intramuscular and intravenous injections produce 
more rapid results, and should be used in very severe oases. 
The serum treatment jiroduces only a short-lived immunity, 
whicli, as judged by tlie Scrhick reaction, persists on the 
average for about three to ten weeks. Dudley (8) found that 
in boys who had suffered from diphtheria and had been treated 
with antitoxin subsequent examination some months later 
showed a negative Schick reaction in a high percentage of 
cases. This is considered due to tlie fact that the boys were 
subsequently exposed at school to infection with the diph- 
theria bacillus. The atta(?k of diphtheria acted as a “ primary 
stimulus ” sensitising the patient, and reinfection did not 
produce a second attack of diphtheria, but acted as a seoon- 
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clary stimulus ” and produced sutHcncnt antitoxin to give 
rise to a negative Sciliick reaiiiion. 

Active Immunisation.- Individuiils not suffering from 
diphtheria, but susceptible^ accjording to tlic* Schick rc'ac^l ion, 
may be desensitised by the method introducctl by von 
Behring (11), which has been extensively em|)loy('d by Park 
and Zingher (12) in New York. This consists in tlic subcu- 
taneous injection, usually over the deltoid region, of n mixture 
of diphtheria toxin and antitoxin, kiiowsa as “ diphtlicria 
prophylactic.” One c.c. of the mixture eaii bf* givt^n to a 
child. One-half c.c. is usually given to iaHihild under one 
year for the first injection, but in somc‘ sc^vere rcaetioiis 
occur, and it is safer to begin with iUJi: ^ij(.‘etion of 1 or 
even 2 V) followed by a se(;()iul iuje(iti|)ii of j c.c., and 
a third dose of 1 tj.e. In all, three injectl(j!is ar(‘ given at 
weekly iiitt^xvals. The reaction is \isuillly ('otisiderably 
greater in adults than in 3^oung <!hildr<‘U, especially in those 
adults who give a pseud(»-rc"aetion to dij)htheriH toxin. For 
tliis reason the initial dose should not exceed (\c. if 
this be not followed by a local or general miction. 1 (‘.e. can 
be injeeded two da 3 ^s later, followed In two more iujc'ctioiis 
of 1 c.c. at intervals of a week. The toxiu-antiloxiu mix- 
ture should be used within a few wt^eks of its preparatiou,J)ut 
if kept, the toxin disappears belore the antitoxin., hrozen 
toxin-antitoxin lias, however, l>een sliowu to be dangerous, 
the antitoxin being destroyed by the intense eold and the 
toxin remaining pot(‘iit (1»3)» O'Brien (11) Inlii ves that the 
freezing and thawing causes a. lotial <*ojic<‘iit ration ol phenol 
to occur, and so dissociation and (l(‘strnetion ol th(' antitoxin 
takes place. The iinnuiiiity takes lr<im one to tlu’ec mouths 
to develop, and tlic duration of the j)rotee,lion afforded is 
not yet known, althougli it seems })r()hal)ie that it may 
persist for long j)criods as the resiilt of subsecjuetit production 
of antitoxin in the body aroused by the stimulus of the 
injections. 

If it be desired to produce a rapi<l, although temporary 
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immunity, antidiphtlieritic serum must be employed, the 
dose being 50 units per kg, of body weight. 
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CHAPTER XIII 


THE DETERMINATION OP THE SUSCEPTIBILITY TO 
SCARLET FEVER. IMMUNISATION AGAINST THE 
DISEASE 

The Dick Rractio?; ' 

In 11)21 George and (»liulys Diek (1) intud^ueed a skin test 
for determining sns(*eptibilily to scarlet analogous to 
the Schick reaction for diphthe ria d(.‘seril>e(i in the previous 
chapter. 1 

This invoh^ed, first of alK the isolation of .what is taken to 
be the causative organism of scarlet fever, and then the 
preparation of a toxin from it. The Dicks had }>revi(nisly 
cxperimetite 4 d with various forms of luemolytic strepto(;oeci, 
but failed to prodiu^e eX])erimental scarlet fever. Thus, 
m 1921 (2), they tried eighteen sj)eeie.s of streptococci taken 
from the throats of scarlet fever patieids within s(‘vt‘uty-two 
hours of the onset of the disease. They swabbed the throats 
of thirty volunteers with cultures ol the streptococ'ci. with 
negative results in twenty-three instances. Se\eu ol tlie 
volunteei’s develojied a sore throat, fever and Icuiioeyiosis, 
but in no case was a rash prodiu^ed. 

In 1923 the Dieks (3) succeeded in producing (‘xperiiiKUital 
scarlet fever in man, using a ha*inolytic strc))tococcus isolated 
from the finger of a scarlet fever patient. Tlic organism was 
obtained from the pus on the second day of the dis(*ase, the 
sore finger having first been noticed two days before the onset 
of the scarlet fev^er. A four days’ old culture of the luemolytic 
streptococcus, grown on sheep’s blood agar, was used to swab 
the throats of five volunteers, and one developed typical 
scarlet fever with sore throat, pyrexia and rash. The 
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Di(^ks (4.) state tliat the hflpniolytic streptococci causing 
scarlet fever fall into two groups, as judged by their power of 
fenneutiiig niaunitc, and that both produce toxins of scarlet 
icvcT and have their own agglutinating reactions. 

It is probable that the specific haemolytic streptococcus 
which causes scarlet t‘(‘vcr is widely distributed, for it has 
been isolated by x arious observers from such sources as a 
wound, a normal throat, and the throat of a patient suffering 
from measles. 

The Toxin. — This was first prepared by the Dicks (1) 
from the hainolytic streptococcus isolated from the finger 
of the scarlet fever [latient. The filtrate from this culture 
did not j:)ro(liice clinical scarlet fever on injection, but con- 
tained the toxin required for testing the susceptibility of 
individuals to the disease. The toxin is used in dilutions of 
1/500 to 1/2,000, in normal saline. The acti:al dilution 
required dcqaaids upon the strength of the toxin, w^hieh in 
turn is probably dependent on the organism used for its 
production. Thus Ker and his co-workers (5) in Scotland, 
using h^emoIytk^ str<‘])tococei obtained from the throats of 
early eas(ts of scarlet fev(*r, (considered that their toxin was 
weaker than that in use in America. 

There is no la])oratory standard for the strength of the 
toxin as is th(' ease wit h diphtheria toxin, for the scarlet fever 
toxin is not pathogenic to laboratory animals. The only 
method at present available for detcTiiiiniiig its strength is to 
compare it witli a known standard toxin as judged by the 
rea(ction given when it is inj(Mcted intracutaneously. The 
injecction is made into the skin of the forearm of a susceptible 
person, as in the Dick test. 

The diluted scarlet fever toxin is coriiparatively stable 
and so does not require dilution shortly before injec- 
tion, as does the diphtheria toxin employed in the Schick 
reaction. 

The Control Toxin. — The toxin is boiled in a waters bath 
foi^ one hour, either when dil.i^ted to 1/100 or 1/1,000. It is 
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tJius seen to be more rcsistiuit to licat than is tlic diphtheria 
toxin. 

T1i 6 Tost* lliis IS perfonued in oxtudly the sumo wuv as 
is the Scliick test d<\seriho<l in the previous eliupter. One- 
tenth of a c.c. of the toxiii is injeoted intradernially into the 
flexor surfaee of one for(‘ann (nsually the right) and an e(piul 
amount of the control heated toxin is injeett'd in a si?nilar 
manner into tlic opposite arm. The reactions are read 
after four, twelve, twenty-four and idrty-eiglil hours. The 
twenty-four hour reading is usually tfie ng|p$t valurd)le. As 
in the Schick test, four ])ossil)le veael ions oeeur : - 

Positive Reaction. This indieat(‘s thatft|)e individual is 
suseeptihlc to scarlet fever, and has little ibs| no antitoxin in 
his blood. The reaction is first seen in fbnr|fo six liours and 
rea(?hes its maximum in twenty-four hoursl Th<‘ Dicks (I) 
distinguish *hret‘ grades of positive reacdioii at twenty-four 
hours, vvhieh they describe thus : 

(1) SU^hthf positive. A faint red an^a less than ‘J em. in 
diameter. There is no swelling and no leiidenu^ss. 

(2) Positive. A red ar(‘a T.'S 3 eni. in dianu ter. aeeiah- 
jaanied by sonu* swelling and tenderness. 

(3) Strongly positive. Tlie red area extends for 3 7 (tin. in 
diameter and is aectompanitsl by 1t‘nd(‘niess and a sw(‘lling 
with a shaiply raised edge which rea<thes beyond the red 
area. 

The positive reactions all fade aft(‘r rorty-eight hours — a 
tine descpiaination (Hteurs on (he seventh ti> tc^uth day, but 
there is usually no ])igmentation. In aJl these degiv(*s the 
control arm shows no ix'aetiou. 

Negative Reaction.- I’liis is a sign that- the n(‘gative reactor 
is immune to searlctt fever, owing to th(‘ jiresenee of anti- 
toxins in the blood. There is nsually no alteration in the 
appearance of the skin at the site of the incxailatiou in ('ither 
arm, but at times a faijit pink streak may be seen along the 
needfe track. 

Pseudo-reaction. — This resembles the psimdo- reaction 
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described in the Schick test. It is considered to be due to 
certain proteins in the test fluids and not to toxin. It 
occurs on both arms as an area of redness, with or without 
swelling. Both arms ])resent identical appearances. Marked, 
moderate and slight pseudo-reactions are described by 
Ziiigher (6) and classifie<l by him as pseudo 3, pseudo 2 and 
pseudo 1 rcspe(!tivcly. The reaction disappears more 
rapidly than the true })ositive reaction. 

Its signilieance is that the pseudo-reactor is immune to 
scarlet f(‘V(‘r. owing to tlie presence of antitoxins in the blood. 

Pseudo-reactions ap})ear to be more common after active 
immunisation against scarlet fever, as described later 
(Zinglier (h) ). 

Combined Reaction . — This also corresponds with the similar 
reaction in tlie Sehierk test, and has a like significance. 
Heactious appear both on the test and on the control arm ; the 
former is, however, more marked, being a combination of a 
positive and a pseu(lo-ren(dion, the control arm showing only 
a pseudo-reaction. Combined reactors are susceptible to 
scarh't fe^'c^. 

The Value of the Test. — Hero again the results obtained 
depend not only on the aevuracy of tlu* teeliniquc, but also 
on ^the potency of the toxin employed. Kcr (5), using a 
toxin prepared from ha'iuolytic streptocjoeei, obtained from 
tJie throats of early cases of sc^arkd. fcA er, found a lower per- 
centage of positive results than did Zinghcr (6). Thus, 
during the early stages of scarlet fever, Zinghcr found that 
of 1 tl (iases 100% gave a positive result during the first five 
days of the illness, whereas Ker, in twenty-three cases tested 
during the first three days of the disease, found only 73-0% 
positive. Not all of Zingher’s cases, however, gave a nega- 
tive reaetion during eonvaleseenee, but in 170 eases tested, 
i>S% were positive early in the disease and negative during 
eonvaleseenee. Zingher states that a definite negative 
reaetion during the early stage of suspected scarlet fever is 
strong evid(*nce against such a diagnosis, although in some 
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cases, where there is a diffuse rasli on the flexor aspect of the 
arm, a slightly positive reaction may be overlooked. A 
marked positive reaction after the third day of an illness is 
also evidence against the i)resonce of scarlet fever. AvS 
regards the susceptibility in general of the ])opulation 
towards scarlet fever, as judged by tlie Dick reaction, the 
figures of Ziughcr (6) and of Ker ( 5 ) iigree more closely. A 
positive reaction, according to Zingher. is given in 41 * 8 % of 
infants under six months of age. The greatot susceptibility 
is between the ages of one and two years^v^lien 70 * 7 % arc 
positive. After this age susceptibility gi'a^ilally falls until 
after twenty years only 17 - 9 % give a ijoipitive reaction. 
These figures are based upon observations k4ade in a series 
of 4,570 cas^s. Okell and Parish ( 7 ), h6i|ever, found a 
jiositive reaction in 74 % of 100 normal mc^lc*al students. 

Tmmumisation 

Passive Immunisation. The Dicks (8) immunised a horse 
by injee.ting snbcnitaneonsly the sterile filtrate obtained 
fivm broth cultures of tin* luemoJytio strei)toeoccus which 
tliey had previously shown was capable of producing scarlet 
fever in volunteers. They w(‘re thereby able to prodiKu* an 
antiserum which c,ould b<* concent rated without losing its 
specific properties. This antitoxin will neutralise tlu* 
scarlet fever toxin as judged by (‘utaiK'ous tests, but no 
method of standardising it through animals has yet been 
found, as the toxin is not pathogenic' to them. 

This auti-scarlatinal serum should be used in curly stages 
of the disease, ix., in those cases in which ha*molytic strc])to- 
cocci are obtained from the tliroat and which also give a posi- 
tive Dick test. In such cases there is not time to produ(;e 
active immunity by means of injecting scarlet fever toxin 
^ (Dick and Dick (9) ). The dose of concentrated scarlet fever 
streptococcus antitoxin (P. D. & Co.) recommended is ten c.c. 
for an adult, injected intramuscularly into the gluteal region. 

2U 
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A second injection may be given after an interval of twenty- 
four to thirty-six hours, if the temperature and pulse do not 
show a dehnite improvement. Before giving an injection it is 
advisable to deternpne whether the patient is sensitive to the 
proteins of horse serum, by injecting intraderrnally 0*2 c.c. 
of the antitoxin diluted 1 in 10 with normal saline. If the 
])atieiit be sensitive an urticarial wlieal surrounded by an 
erythematous zone will appear, taking an hour or more to 
fade away. J^relimiiiary desensitisation must then be effected 
by subcutaneous injections every half hour of the serum, 
beginning with I m. of the scnim (diluted with saline and 
doubling the dose at eacli injc(?tion until 1 c.c. has been gi V(‘n). 
The remainder of the serum may tlieu be given. If serum 
from a scarlet fever eonvaIes(ient patient be aVailable, it is 
preferable to the antiserum ])rodu(*ed from the liorse, as it 
a.voids sensitising the patient to horse serum. The dtiration 
of such immunity as judged by subse(|uent skin tests does 
not a})pear to liavT been worked out. 

Active Immunisation.- The Dicks (lO) showed that the 
iujeetion of suitable quantities of scariest fever toxin into 
jiersons who are susc(‘ptib]e, iis shown l)y the skin test, m^y 
give rise to wliat appears to be a mild attack of searlet fcvi^r. 
This is evidenc€"d by a skin rash, naust'a, vomiting, ]>yrexia 
and malaise. The syni])tonis arc short-lived, ajqiearing a 
few hours after injection and disa})pc‘ariug usually in forty- 
eight hours. It was found that after this (ionstitutional 
reaction the skin test becomes negative. 

In order to avoid a marked reaction, Zingher (0) recom- 
mends the following proctedure in active immunisation, 
Thi'ee injections of tlie scarlet fever toxin arc‘ given once a 
week, eillier subeutanconsly or intramuscularly. The dosage 
is as follows : — 

For Children under Twelve Years of Age , — First injection, 
100 skin test doses of toxin. Second and third injections, 
250 skin test doses each. 

For Persons oi^er Twelve Years of Age , — First injection 100, 
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second injection 250, and third injection, 500 skin test 
doses. 

For Adults. — One thousand doses may be pven fur tlie third 
injection. The toxin is put up so that each c.c*. contains 
500 skit) test doses. The usual reaction to such an injection 
is purely local, and often there is no reac tion wiili tlic second 
and third injections. In some c‘ases a sore throat and 
scarlatiniform rash have been noted. Atteni])ts are bein^ 
made to produce a toxoid wliic^li, while jlinmimising, will 
produce no local redaction. The skin tirift must be(*omc 
negative before immunisation c,aii l)(‘ (‘onsp^ivtl eomplet(‘. 

The duration of immunity resulting fSjrain such active 
immunisation is not ycd known. Zingh(‘r (|)|fou nd t hat in a 
scries of 104 eases 72-7% gav(‘ either a ueg(|tive or j)seudo- 
reaction five weeks after the last injection.! 
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CHAPTER XIV 


THE DIAGNOSIS OF ENTERICA INFECTIONS 

Both clinical and laboratory investigations are essential 
to cstal)lish an accurate diagnosis of the entcrica infections. 
The diagnostic tests based on the recovery of the causative 
organism from the blood, urine or fa;ces should never be 
neglected when there arc facilities for their application. 
The methods of performing these examinations' are described 
in bacteriologi(!al text books, but it must be remembered 
that a careful clinical examination is of the utmoSt im[)ortancc 
in e\ ery (iase. 

Certain additional aids to the diagnosis of entcrica infec- 
tions will now be considered. 

Mairis’ Atropine Test. — This test was devised by Marris (1) 
in 1!tl5 for the early diagnosis of the entcrica group of infec- 
tions. It is based on the fact that in these conditions the 
heart does not show the normal acceleration after injection 
of atropine sulphate, and this is thought to be due to a 
condition of vagotonia indmicd by the toxins produced by 
the typhoid group of organisms. 

In order to obtain reliable results careful attention must 
be paid to the details of the techniejue. At least one hour 
must be allowed to elapse after the la.st meal before the test 
is (Hunmcnced. The |)atient lies flat in bed, and the pulse is 
counted, minute by minute, until it is found to be .steady. 
This usually occurs in ten minutes. The figures thus 
obtained arc recorded. gr. atropine sulphate is then 
injected subcutaneously over the triceps. Twenty-five „ 
minutes are allowed to elapse, and the pulse is again counted, 
minute by minute, and the figures obtained noted. The 
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counting is continued until any acceleration which has 
ensued is found to have ceased. This usually takes from 
fifteen to twenty minutes. A positive reac*tion (indicating 
infection with the enteri(;a group) is shown by the inaxiinuni 
acceleration of the heart rate being less tlian fourteen beats 
per minute. A negative reaction (indicating no irifcctioii 
with the enterica group) is shown by the acceleration of the 
heart being greater than fourteen beats per minute. 

Value of the Test — Tlic test is not reliable if applied after 
the second week of the infection. Three results on 

different days within the first two weeks pf the illness are 
strong evidence against enterica infection. A|i error of about 
8% niay be expected, the test negative, but 

organisms rct*overablc Jrom the blood or eKt<^cta. 

Ehrlich’s Diazo Reaction (2). — This is noi a, sj)ecifie, test 
for typhoid >fever, as the reaction is given in many aente 
diseases, especially in measles and miliary tuberculosis. It 
is, however, an aid to diagnosis because if the rc'action be 
absent between the fifth and twelfth days of the dis(‘asc, it 
is unlikely that the fe\'er is due to infect ion with the bacillus 
ty})hosus. The following reagents arc required : — 

1. A saturated solution of sulphanilic acid in 5% hydro- 
chloric acid. 

2. A 0*5% solution of sodium nitrite*. This must *])C 
freshly j^repared. 

8. A strong solution of ammonia. 

To one-third of a test tube of urine add an e([ual volume 
of solution (1). Mix by inversion. Add 1 to 2 drops only of 
solution. (2) Shake well until a froth is produced. Run a 
little of solution (8) into the tube. 

A positive reaction is shown by the froth becoming pink 
and the urine crimson. If the reaction be negative the froth 
does not turn pink, but may become yellow, and the urine 
only darkens in colour. 

The Widal Reaction,— The macroscopic method of 
determining the Widal reaction (as devised by Dreyer (8) ) 



310 THE DIAGNOSIS OF ENTERIC A INFECTIONS 


€ 


is an advance on the older microscopic method for the 
following reasons : — 

It enables tlu; results obtained to be expressed with a 
certain degree of mathematical accuracy, as standard 
agglutinable cultures of the organism in question arc used. 

The agglutinating power of tln^ serum, called the agglutinin 
tit re, can be compared at different stages of the infection, 
and the figures of one ease can be contrasted with those of 
another. 

The Widal reaction can be determined in inoculated 
individuals and used as a test for active infection. Inocula- 
tion gives rise to a c;ertain degree of agglutinating power in 
the serum, which fades away only slowly. If, however, 
a(?tive infecition take place in an inoculated * person, the 
agglutinins in the serum, corresponding wuth the infecting 
organism, rise and fall during the (joursc of thctdiscase, and 
their value can be expressed in the form of a curve. 

Dead and not living organisms are used in the test. 

The most important diseases to which this method is 
ap[)lieable are infections with the (‘nterie,a (typhoid and 
para-typlioid) and dysentery (Flexuer, Shiga and X) 
organisms. 

The apparatus required is as follows : — 

A metal stand to hold fifteen small glass agglutination 
tubes in three rows of five, and two larger dilution 
tubes. 

The agglutination and dilution tubes. 

A glass dropping pipette and rubber teat. 

Distilled water. 

Normal saline. 

Ether. 

Absolute alcohol. 

Bottles of standard agglutinable cultures. 

A water bath. 

Platinum wire. 

Bunsen burner. 
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Themnometer. 

Tripod, 

The glass tubes must be quite clean and dry, and free from 
any acid. 

Withdraw 10 c.c. of blood from a vein in the patient’s 
arm. Place in a tube and allow the sc rum to separate out. 

Pla<?e 86 drops of normal saline in the dilution tube, using 
the dropping pipette and holding it vertically over the tube. 
Wash the pipette sue<*essively with dislill^ water, absolute 
alcohol and ether. Drying is com])letcd l^fsiiekiug liot air 
in and out of tlic pi])ette over tlie bimseu,[. Pipette t dro])s 
of serum with the same pipette into the sall^ in the dilution 
tube. Wash and dry pipette as above. | |lix serum and 
saline by inversion or by stirring with the;p|atiiium needle. 
A dilution of 1/10 serum is thus obtained. ?In ca(*h row of 
tubes place ^lormal saline in the following ardpunts, using the 
same pipette and holding it vertically over the tubes. 

Tube 1 . . . No saline, 

Tube 2 . . .5 drops saline. 

Tube 8 . . . 8 „ „ 

• Tube 4 , . . 9 „ „ 

Tube 5 . . . 10 „ 

Wash and dry pip(*ttc as above. 

To each row of tubes add the diluted 1/10 scrum in the 
following amounts, using the pipette as before : — 

Tube 1 . . . .10 drops. 

Tube 2 . . . . ,5 ,, 

Tube a . . . . 2 „ 

Tube 4 . . . .3 drop. 

Tube 5 . . . .No dro})s. 

Wash and dry pipette. In testing the Widal rea<‘tion for the 
cnterica group ])rocecd as follows : To ('aeh tube (j 1 the first 
row add 15 drops of the well-shaken standard agglutinable 
culture of B, typhosus. W ash and dry })ipcttc. To each tube 
of the second row add 15 drops of the culture of B, para^ 
typhosus A. Wash and dry pipette. To each tube of the 
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third row add 15 drops of the culture of B, paratyphosus B. ^ 
The dilutions are now completed, and the contents of the 
tubes must be well mixed. This can be accomplished by 
stirring eac;h with the platinum wire, drying it in the flame 
between each tube, or by placing the finger over each tube 
and inverting. In the latter case tube 5 should be first 
mixed, the finger dried, and then tube 4 mixed, working 
back to tube 1. The second and third rows arc then mixed 
in the same order. The dilution of the scrum in each row 


of tubes is as follows : — 


Tube 1 

. 1/25. 

Tube 2 . 

, 1 /50. 

Ihbe 3 . 

. 1/125. 

Tube 4 . 

. 1/2.50. ' 

Tube 5 . 

. Is a control and 


tains no serurni. 


The stand containing ihe lubes is lunv placed in the water 
bath, which contains sufficient w'atcr to reach to a level half- 
way up the contents of the tubes. The temperature of the 
water bath is maintained at 50 to 55^ C. for tw^o hours. This 
may be accom])Iished by using an automatically regulated 
water bath, or by placing it on the tripod over the burner. 
In the latter case tlu* thermometer must be kept in it, and 
the flame ad justed from time to time to keep the temperature 
constant. After two hours remove the stand from the bath, 
and leave it at room temperature for a (piarter of an hour. 
The tubes must now be read. Remove' the tubes from the 
stand one by one, wipe them with a duster and compare each 
of the tubes 1 to 4 with the control 5 by holding them up 
side by side against a dark background and viewing by 
artificial light. If this be not available daylight may be used, 
and the finger passed up and down behind the tubes in order 
to render the flocculi, if present, more easily visible. When 
agglutination has taken place it may be found that in the 
strong dilutions (1/25 and 1/50) the organisms are deposited 
at the bottom of the tube as a sediment, and theits niay also 
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be some flocctili throughout the fluid. In weaker dilutions 
there will be flocculation but no sedimentation, and in the 
weakest dilution neither flocculation nor sedimentation. 

The tube in which there is floeeulatioii but no sedimenta- 
tion is selected as standard agglutination. If this occur, for 
example, in tube 3 (dilution 1/125), tlie number of standard 
agglutinin units present in 1 c.c. of stuum is d(‘termined as 
follows: On each bottle of standard agglutina})le culture 
will be found a figure representing a eon^taJit. This figure 
divided into the dilution of serum in whiek standard agglu- 
tination occurs, gives tin* number of s^iidard agglutinin 
units ])resent in 1 e.c. of serum. If, for insfeihee, the eoiistaut 
be 2, then in the example quoted the agglutinin units arc 
= 62-5! [ 

By (expressing tlu' agglutinating power bf the serum in 
standard agglutinin units, the litre of one senirn can be 
compared with that of any other. 

If standard agglutination be not obtained with the above 
dilutions, owing to the agglntinatiiig ])()wer of the scrum 
being too high, a further test must be made with weaker 


dilutions. 

^ These can conveniently be made by placing 57 drops of 
saline and 8 drops of the 1/10 serum in the dilution ii^be, 
thus producing a dilution ol 1/200. l^urtluT dilutipns are 
then prepared in the tubes, using exactly the same amounts 
as above, but working with the scniru (iiintod 1/200 instead 
of 1/10. The final dilutions are then : — 


Tube 1 
Tube 2 
Tube 8 
Tube 4 
Tube 5 


1/500. 

1 / 1 , 000 . 

1 /2,500. 
1/5,000, and 
Control. 


The method employed for determining the agglutinating 
power of the serum in bacillary dysentery is identical with 
that described above for the entcrica group, but in this case 
the tubes are kept in the water bath for four hours instead of 
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for two hours. The flocculi formed by agglutination of 
f dysentry bacilli are finer than is the case with the entcrica 
group. 

The Intra-cutaneous Test (McKendrick (4)). — This is a 
skin reaction analogous to the Schick test. The antigens 
used arc the Oxford standard cultures of B. typhosus, B, 
parntyphosus A., and B. parntyphosus H. A control of normal 
saline is also employed. An intracutancous injection is 
made, using the same technique as in the Schick test (see 
Chapter XII). Amounts varying from 0-()6 to O-OH c.c. 
of the stock cultures are injectol, giving rise to a bleb 
about 0 mm. in diameter. For children () ()4 c.c. should be 
used. 

A positive reaction shows the following appeaVan(?es : On 
the (irst two days the V)leb becomes pink, and on the third 
day it is a dusky maroon colour. There is som» indTiration 
at this stage. On the fourth day it becomes plum coloured, 
swollen and indurated with a surrounding areola. On the 
fifth day the colour changes to lirown, and on the sixth day 
the reaction has prfu^l icrally disapp(‘ared except for a slight 
induration and discolouration. 

A negative reaction shows similar changes to the above for 
the first two days, but on the third day the colour becomes 
browuivsh-yellow and there is no induration. On the fourth 
day the reaction lias faded away. 

Results Obtained.- -A. positive reaction is obtained in both 
acute cases and in carriers of the organism. During con- 
valescence the test becomes n(*gaiivc. If it remain positive 
at this stage a carrier condition should be suspected. In a 
scries of 300 cKuitrols a positive reatJtion was obtained in two 
eases with the B. typhosus, but in none with the paratyphoid 
organisms. 

The test is still in the exjierimental stage, and McKen- 
drick states that one negative reaction must not be taken as 
diagnostic evidence against an enterica infection. Its value 
appears to lie chiefly in the detection of camel's. 
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CHAPTER XV 


THE CEREBRO-SPINAL FLUID 

Although tests under this heading are of a rather 
specialised type, it was tlioiight advisable to include them 
in tins volume. 

Bacteriological investigations and the technique of the 
Wassermann reaction will not be described. 

Examination of the ccrebro-spinal (luid is most useful in 
the diagnosis and treatment of: — 

1. Syphilitic lesions of the central nervous system, as 
dementia paralytiea, tabes and cerebro-spinal syphilis. 

2. Meningitis. 

For a full treatment of this subject, the reader is referred 
to Nonne’s (1) book, “ Syphilis und Nervensystem,” from 
which the following account is mainly derived. 

Tests in common use :~ 

The Wassf'rmann reaction. 

Lange’s colloidal gold reaction. 

Globulin and albumin estimations. 

Cytologieal examination and cell counts. 

Quantitative estimation of reducing power, reaction, 
urea, non-protein nitrogen and chloride content. 


The Colloidal (ioLD Reaction {Lange (2) ) 

Wliilst working with colloidal gold solutions, L^nge noted 
that normal cerebro-spinal fluid had no action upon the 
colloidal state, but that certain pathological fluids were able 
to cause precipitation of the gold. On further investigation 
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it was found that precipitation of the gold occurred with 
fluids derived from cases of general paralysis, general syphilis 
of the central nervous system, and certain eases of meningitis, 
Lange also showed that these three l(*sious (iould be differen- 
tiated, since the maximum pr(T,ipitatiou o(teurred with 
different dilutions of fluids obtained 1‘rom the tlirec* con- 
ditions. 

The technique is not an easy one, and many variations of 
the original I^ange ])rocess have been jlitrodueed. It is 
proposed Jicre to describe two metIiods,Vthe first is taken 
mainly from a paper by C'ruiekshank aJid the second 
from John Mellanby and Anwyl-Davies (4:)*', 

First Method, f | 

Preparati6n of Gold Chloride Solution.— orde r to ol^tain 
successful results, great attention must be ^id to the clean- 
liness of tlit glass, to the inanqnilations mid to tlic distilled 
water. It is advisable to (;lean out all flasks, beakers, etc., 
wifh hot nitro-hydrochloric a(jid prior to use, and to rinse 
them out with water, distilled twicH* from glass. All water 
must be doubly distilled from glass vcss(Js. The lollowiiig 
solutions are then made up : — 

3 % gold chloride. 

2% potassium carbonate. ^ 

1 % pure formalin. , 

Five hundred c.c. of the doubly distilh‘d water are heated 
in a beaker to 00^ C., and 5 c.c. of the gold chloride and 5 c.c. 
of the potassium carbonate solution are addi‘d. The heat is 
increased in order to raise the temperature rapidly to 90 C., 
when heating is discontinued. Five c.c. of formaldehyde 
solution are added, drop by drop, with constant shaking, 
until a faint pink ceflour appears. The formalin is then added 
in large quantities. In about two minutes the ninximum deep 
red colour will develop. If purplish-red or opaque, the 
solution should not be used, although it has been stated that 
a slight sheen does not matter. The solution should be quite 
stable. According to Black, Rosenberg and McBride (5), the 
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hydrogen ion concentration of this solution should be tested 
according to the following method : — 

A double row of tubes is set up, each containing 1 c.c. of 

N 

distilled water. Into the first tube of each row 1 c.c. of 

50 


N . 

acid and 1 c.c. of alkali are added respectively. One c.c. 


is then removed from the first tube containing the acid, and 
is added to the next tube, and so on down the row. The same 
process of dilution is carried out witli tlic alkali. Two drops 
of 1% alizarin red solution in 50% alcohol and 5 c.c. of gold 
chloride solution arc then added to each tube. A buff 
colour represents the neutral tube, and from the amount of 
acid or alkali in it the quantity necessary to neutralise the 
gold chloride solution can be calculated. This shdald be done 
in every case. 

Tests of Suitability, — ^Fivc c.c. of solution should be com- 
pletely precipitated by 1*7 (j.c. of 1 % saline in one hour. 

Normal (jerebro-spinal fluid should be without action upon 
the solution. « 

Fluid from a case of general paralysis should give the 
typical paretic reaction. 

As al,ready pointed out, the test was evolved by Lange 
from the work of Zsigmondy on protective colloids. He 
noted the i'act tliat certain colloids, such as gold, could be 
precipitated from their solutions, by the addition of elec- 
trolytes, such as NaCl, and that ccTtain other colloids were 
able to prote(;t the original body against precipitation. 
Lange noted that the proteins of normal cerebro-spinal fluid 
possessed this action, but that in certain diseases they 
possessed marked precipitating powers. It was upon this 
observation that the test was based. 

The Test. — Eleven small perfectly clean tubes are set up 
in a rack, and 0*9 c.c, of 0*4% NaCl solution is added to the 
first tube, and 0*5 c.c. to the rest, 0*1 c.c. of spinal fluid is 
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added to the first tube, thus making a dilution of 1 in 10. 
After thorough mixing, 0*5 c.o. is removed and added to the 
second tube, which, in tarn, is shaken. 0*5 e.e. is removed 
from this tube to the third, and so on. The resulting dilutions 
are therefore : 1 in 10, 20, 40, 80, 160, 320, 640, 1,280, 2,560, 
5,120 alid 10,240. Two and a half c.c. of* the gold solution are 
then added to each tiilie. 

Second Method, — Solutions. 

1. Freshly distilled water, obtained b^; redistilling l(d)o- 
ratory distilled water immedialdy befofil iise. TJie llasks 
and condenser slionld be maeje of* hard gj4s$. 

2. 1% gold chloride solution, prepaid |by dissoh ing a 
15-grain tube of gold chloride in 100 e.e. of l|ie glass-distilled 

water, * f 

% 

3. 1% potassiujYi oxalate solution, ])repa^(l hy dissolving 
'^1 g. of neural potassium oxalate in 100 (j.c. distilled water. 

4. 0*4% sodium cliloridc* solution. 

To 100 e.e. of the freshly distilled water .add 1 c.c. of the 
potassium oxalate solution and heat. When boiling, 1 e.e. 
of the gold chloride solution is added drop by drop, and 
wtJiiu half a minute a r(‘d solution of colloidaJ gold ivS obtained. 

All the glassware should be sctrupulously clean and of a 
hard variety. , 

The Test. — A series of ten test tubes, each (ioptahiiug 
I c.c. of 0*4% NaCl. is set u]>, and to tlu' first tube an addi- 
tional 0*8 e.e. of 0*4% NaCl and 0*2 e.e. of the c(Tehro-s})iiiaI 
fluid arc added, thus making the voIuuk' up to 2 c.c. After 
mixing, 1 c.c. of this solution is added to ilie next tube*, thus 
making the volume in the setioud tube 2 c.c. After mixing, 
1 c.c. of this liuid is transferred to the iiuj-d tube and so on to 
the end. 

In this way a scries of tubes containing 1 c.c. of approxi- 
mately 0*4% NaCl and quantities of* cerebro-spinal fluid 
varying from 1/10 c.c. to 1/10 x 2*'’^ c.c. arc obtained. 
Now add 5 c.c. of the colloidal gold solution to ea(;h tulie, 
and after twenty-four hours the })recipitation is noted. 
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If tlie colloidal solution be completely broken down* the 
contents of the tube will be colourless, and the gold will sink 
to the bottom, whilst if no precipitation has occurred, the 
original red colour will persist, lletween these two extremes 
there is the following range of colours : — colourless, grey-blue, 
blue, lilac, red-blue and red. It is usual, as Cruickshank (3) 
states, to express the results numerically according to the 


following scheme : — 

Complete precipitation . . 5 

Pale grey-blue . . . . 4 

Deep blue . . . .3 

Reddish-violet . . . .2 

Bluish-red .... 1 

Unchanged red . . . . (S 


There are three types of response : — the paretic, luetic and 
meningitic. In the paretic response, precipikition only 
occurs in the tubes with dilutions between 1 in 10 and 1 in 
040. In the luetic reaction, the maximum reduction occurs 
between 1 in 40 and 1 in 80, whilst the meningitic resj)onsc 
is mainly between 1 in 320 and 1 in 040. 

Expressed according to the numerical scheme : — 

Paretic response is . . . 55554331000 

Luetic response . . . 00243110000 

Meningitic response is . . 00001344300 

These are average findings, and exact adherence to the 
figures is not necessary. 

If l)lood be added to a normal (!erebro-spinal fluid in minute 
amounts, the response is similar to a meningitic curve, i,e,, 
well to the right of the syphilitic reactions. Hence con- 
tamination of the fluid with blood does not impair the 
diagnosis from the point of view of syphilis, but it must be 
clearly understood that large (juantities of blood will obscure 
the reaction completely. 

Findings. — Lange claimed that the reaction was more sensi- 
tive than the Wassermann test, and his views have been 
confirmed by some workers. 
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A paretic response is said to be obtained in ev cry case of 
general paralysis. Tabes dorsalis and cerebro-spinal syplulis 
give luetic responses. With regard to the interpretation of 
the meningitic response, observers differ. This aj)pcars to 
be due mainly to leakage of tlie serum proteins, giving a 
response similar to that obtained by the addition of minute 
amounts of blood to normal Huid. 

Many writers have pointed out the value this reaction in 
syphilis, but the ^a]ue in meningitis is doubtful. Similar 
curves are given in tuberculous and jmiNillent meningitis. 
For a fuJl account tlie reader is rel‘err<*d ‘tp the \'alnable 
article by J. Cruicksliank (ti). < | 

•(inonmiN and AiauuMiN TesStI 

Normally the lliiid contains only a trace ol 'protein. I his 
is increased «n nuMiingitis and syphilitic cs)iiditions. The 
increase can be tested I'or by the lollowing tests : 

• The Noguchi butyric acid lest ((i). 

The Pandy reaction (7). 

T}u‘ Nonne-Apclt reaction (8). 

, The Lochelongue-Lcvinson estimation. 

The Noguchi Butyric Acid Test for Globulin. 1 wo parts 
of cerebro-spinal lluid arc mixc<l witli .5 parts ot a Id 
butyric acid solution in physiological saline, and arc heated 
and boiled for a brief ]>(‘riod. One part of a normal solution 
of NaOH is then added quickly to the heated mixture 
and the whole boiled again for a few seconds. T1 h‘ lH‘st, 
quantities to use are 01 or 0-2 c.e, s])inHl lluid, 0^5 c.e 
butyric acid solution and Od (^c. ol* the normal NaOIl 
solution. 

The cerebro-spinal fluid must be enUrely liw from blood. 

A positive reaction is indicated by the appearance ol a 
granular or flocculcnt white or grey precipitate. 

Two hours should be the time limit for the reaction. 

* The Pandy Method for Globulin Increase. The reagent 
consists of a saturated aqueous solution of carbolic acid. 
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Ten parts of pure crystals arc stirred in 100 parts hot 
distilled water. The mixture is kept at room temperature 
for three or four days and is frequently shaken. The 
clear supernatant fluid is then decanted off into another 
bottle. 

To approximately 1 c.c. of the reagent add 1 drop of spinal 
Iluid. 

Normally there is no change, or at most an extremely 
faint opales(*,ence. With abnormal fluid tliere develops 
instantly, at the point of contact, a bluish-white cloud often 
resembling a ring of smoke, whicli gradually settles to the 
bottom of the tube. 

The Nonne-Apelt Globulin Test. — Add to a carefully pre- 
pared saturated solution of ammonium sulpKate an cfpial 
amount of cerebro-spinal fluid. One c.c*. of each is quite 
sullieient. 

Pour one liquid gently on to]) of tlie other, and if the 
globuliTi be iiu^eased there occurs a more or h'ss distinct 
grey ring at the plane of contact. 

The mixture is well shaken, and tlie result may be read off 
within three minutes. If distim^tly opalescent, or cloudy^ it 
is positive. 

It is best to add the cerebro-spinal fluid from a 1 e.(\ 
pipette very slowly to the ammonium sulphate solution, as 
in this way the grey ring, indicating increased globulin, is 
more distinct than when one fluid is poured on to the otlier. 
This part of the reaction is known as phane 1 . The preci- 
pitate is filtered off, and a droj) of 10% acetie acid is added, 
and the mixture is boiled. A precipitate forms if albumin 
be pj'esent. This is known as phase 2. Nonne states that 
the second phase is of little diagnostic value, except in a case 
of non-syphilitic meningitis. 

Estimation of Protein in a very Albuminous Fluid. — (Loche- 
longiie-Levinson ), — This technique is a sliglit modification of 
Mestrezat’s diaphanometric method. A series of standards is 
prepared from egg albumin in saline, starting with 0*4'% and 
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decreasing to 0’()1%. It will be found most convenient to 
make up the following dilutions : — 0*4, 0*35, ()*3, 0*25, 0*2, 
0*15, 0*1, 0*09, 0*08 to 0*()1%. Two e.c. ot eadi of tliese 
solutions arc measured into uniform small test tubes with 
drawn-out ends ready for sealing, Tliree-teiitlis of a c.(‘. 
of 80% trichloracetic acid are added to each. They are 
then boiled, and the tubes arc sealed. To make the test, 
2 e.e. of Iluid are pipetted out. into a siimlkr tube, 0*8 e.c. 
of 30% trichloTaectie acid is added, and' the mixture is 
boiled. After thorough shaking tlie op^Jity is matelied 
with the standards, and the percc'iitage ciln* be arrived at. 
The protein content may also be estimate^ a small-siztd 
Ksbach tube. [ 

* ' t 

Quantitativk Chemical Analysts ot I'ue Fj.nn 

Tlu* reaction should first be dctej'mim'd.diy indicators. 
This is usually about pH 7*45. In some infections, the 
orgaTusms are said to ferment the glucose present, thus 
jirodueing aeid and lowering the pll. 

For the analysis, wo recommend proc*eeding by Folin 
and Wii’s methods, as in the (*as(' ot‘ blood, except that the 
voluhie is made uji as follows : — 

1 volume of fluid. , 

8*5 volumes of water. , 

I volume of sodium tungstate. 

I vmlume of | N sulphuric .‘leid. 

The mixture is filtered, and the usual ( stimations are per- 
formcKl. Of these urea, non-j)rotein nitrogen, sugar and 
chlorides are of importance. 

Normal figures, giveii by various observ(*rs, differ vctv 
considerably, but the following table rei)resents the general 
opinion ; — 

Alkali reserve 58 to 88 . . Meddendon (9). 

fresh . 7*4 . . . Tashiro Si Levinson (10). 

pH on standing 8*3 . . . Leopold & Bernard (11), 

Urea nitrogen 7 to 13*5 mg. per 100 e.c, ,, „ 



324 


THIS CEREBRO SPINAL FLUID 


Creatiniii 0-7 to 1 *5 mg. per 1 00 c.c. Leopold & Bernard (11). 
Dextrose 70 to 100 mg. „ „ „ „ 

diloride 700 mg. „ „ Mestrezat (12). 

We liave usually found the nitrogen figures to be higher 
than the above, and more approaching the values for 
blood. 

The urea, ereatinin and non-protein nitrogen figures are 
increased in nitrogen retention. According to our personal 
experience, the blood and corcbro-spinal fluid nitrogen con- 
tents do not always correspond, although when the blood 
figures rise the fluid figures also increase. Thus it is quite 
common to find a Iluid containing much more urea and non- 
protein nitrogen tlian the blood. In uriemia the figures are 
high, usually over 100 mg. per 100 c.c., although this is not 
invariable. Wo have seen patients in uramiia with a non- 
protein nitrogen content in the fluid of only^ 08 mg. ])er 
100 C.C., and others without urfcmic symptoms, when the 
fluid (contained 200 mg. ])er 100 e.c. In the vast majority of 
cases, however, the non-protein nitrogen tigiires are well over 
100 mg. per 100 e.e., and up to 500 mg. per 100 e.c. It is 
very unwise to give any statement on the imminence »:)f 
iinemia based upon analysis of the cerebro -spinal fluid. 

.Quantitative estimation of the sugar content is said to be 
of diqi, gnostic importance, since it is absent, or greatly 
reduced, in all conditions of acute suppurative meningitis. 
This is said to be due to the fact tliat organisms fcrnu'iit 
the sugar. Kopetsky (13), Schloss (14), and others, have 
reported absence or diminution of sugar in all forms of acute 
meningitis. The sugar content is also stated to be slightly 
diminished in syphilitic lesions of the central nervous system 
(Hopkins (15) ). In diabetes mellitus the sugar content is 
increased in projiortion to the blood sugar. 

Chlorides are increased in nephritis (Levinson (16) ), 
and decreased in meningitis. Tuberculous meningitis is 
usually ace.ompanied by a particularly low chloride content 
500 mg. per 100 c.c. or less. 
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A summary of the ]>roperties and (!()ni])()siti()n of various 
pathological fluids is given at the end of the chapter. 


CVTOLOGlCAli ExAMTN VTTON 

The fluid must not he more than a few liours old, f>ther- 
wise the cell count will be valueless. Pnrves Stewart 
mends that 5 e.e. should be centrifuged and the su})(‘rnatant 
fluid carefully decanted. The deposit is th^ transferred to a 
slide by means of a capillary pipeih* and li^incd by methyl 
blue or .Tenner’s stain. < 

The cells should be (Counted in the ordSi^ry way, using 
undiluted fluid. For absolute iic.v\miv,y the sjp(‘(!ial t(*chni(|ue 
and eliamber of Fuchs and Mosenthal recjommended. 
Ten c.mm. of fluid are diluted with 1 e.mm. pf staining fluid 
(methyl viol?t and acetic acid) in a pij)ette. Alter mixing, the 
cells are ommicrat.ed in the chamlMT. A sumrtiarv of tlie 
findings will be found in the table at the (‘ud of t his chapter. 

Conclusions.— The value of th(‘ Wassermann reaction, (;ell 
count, and globulin tests is beyond dt)ubt. With regard 
t(f the colloidal gold reaction, o])inions differ, and many 
authorises maintain that it (tan add little information of 
value to that afforded by Nonne’s “ four reactions." Tlic 
tecthnique is not without diflicnilty, and it w'ould a])])C'ar to be 
unwise to emjfloy it cxctc])! in eonjunetion with the ‘'four 
reactions.” 

Nonne employed four retactions in tin* investigations of 
syphilitic lesions of the central nervous system. 

These are : — 

Wassermann reaxttion on cerebro-spinal fluid. 

Wassermann reaction on blood. 

Cell count. 

Nomie-Apclt reaction, phase 1. 

The following table, compiled from various sources and 
.modified slightly, expresses the results obtained in various 
syphilitic conditions : — 
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CmdiHm. 


Wasser- 
maun 
reaction 
in C\S.F. 


Waeetnnanv 
reaction 
in JUood. 


Pleocj/- 

toeim 


Nomie'^Ajpelt 
renetian, 
Pba»e 1 . 


General paralysis 
Cerebro- spinal syphilis 
Tabes dorsalis without 
paralj^sis 


100% -f 100% + 
05 % + 80 - 900 + - 

m% 00-700+ -f 


950+ + 96-1000+ + 
100% + Negative, 

1000+ + 85-900+ + 


It must be understood that these figures are only approxi- 
mate, and are intended to give a general impression rather 
than an exact statistical statement. P'ildcs and McIntosh 
(17). after an extensive investigation into the application of 
the Wassermann rea(;tion to neurological problems, came to 
the following conclusions : — 

1. In dementia paralytica and tabo-paresis a strongly 
positive reaction is almost always found in both the blood 
s<?rurn and the (^erebro-spinal fluid. A negative reaction 
would rt'nder the diagnosis doubtful. 

2. In tabes dorsalis very similar results are obtained, but 

th<* reacition in the cerebro-s})inal fluid is usually weaker than 
in paresis. * 

15. In ccrebro-spinal syphilis the results vary according to 
the site of the lesion. If the cord be involved the Wasser- 
inanir reaction on the fluid is usually very strongly positive, 
f)Ut if the cord be not affected, the reaction may be slight or 
absent. 

4. Treatment affects the findings according to its efiicjacy. 

5. In syphilitic conditions not associated with ner\^ous 
lesions the reaction is negative. 

It would appear that the Wassermann reaction becomes 
positive in the cercbro-spinal fluid owing to leakage of serum 
from the blood. This contention is supported by the 
observation that if a person with syphilis have an attack of 
meningitis, the Wassermann reaction, on the cerebro-spinal » 
fluid, which was previously negative, will become positive 

The value of the colloidal gold reaction is upheld by most 
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observers, but this reaction yields the best results in syphilitic 
lesions. Some consider it to be more delicate than the 
W assennann reaction . 

Chemical examination is useful in that it provides con- 
firmatory evidence, but its value is doubtful if taken 
alone. 

On p. 327 will be found a table showing the findings in a 
scries of conditions. It is compiled from Noiine’s, Plant’s 
and Levinson’s works. 
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CHAPTER XVI 


SPECIAL BLOOD EXAMINATIONS 

Ektimation of the Fragility of the Reu Blood 

CORPirsCLES 

Solations. — An accurate 1% solution of NaCl. This is 
made by dissolving 1 g. in about HO c.c. of d/stilled w'ater 
and diluting to the required strengtli after titration with 
silver nitrate and potassium thiocyanate solutkps. 

Method.— A double row of tubi's is set up in a rack and 
Is filled according to the scheme shown. 

1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 

1% saline, O.C. . 0-6 0-7 0-8 O-O L(l ]•! 12 1-3 1-4 1-5 

Water, c.c. . . 1 4 1'3 1'2 M l-O 0-!) 0’8 0’7 0-6 0-6 

The resulting saline 
content being ex- 
pressed in por- 
(^.ritagcs. 

If 

0-1 c.c. of the patient’s blood is added tt) each t ube in the 
front row, whilst a similar quantity of normal blood is added 
to each of the back row tulres to form a control. The test is 
recorded by + signs, + + + representing complete ha?mo- 
lysis, +' + partial, and + commencing hseraolysis. 

Findings. — Normal blood is found to ha:molyse constantly 
at O’ 45% saline. 

At this concentration there are always intact corpuscles 
at the bottom of the tube, i.e., haemolysis is incomplete. 

There are still a few corpuscles left in the 0-4 tube, but at 
0-85% haemolysis is usually complete. 

Acholuric jaundice is the only disease in which the cor- 
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puscles arc constantly found to be })atholo^dcally fragile. 
This is true in both the congenital and acquired forms. It 
is usual to find that there is slight haemolysis at 0-7% and 
0-65%. The process is usually complete at 0*5%. Observers 
have reeoKled sliglit increase in fragility in some forms of 
pyaemia, such as the strcptocoocial variety, and also in von 
Jaks(!h’s ancvmia pseudo-lenkwmia infantum. In all the 
recorded cases hfcmolysis occurred at 0-5% but not in 
stroiiger solutions. Tlic picture is ther^orc quite different 
from that obtained in actholuric jaundic^ • 

In some cases an increased resistance haemolysis may 
be found in tlie red blood corpuscles. I’llis ly))e is usually 
met with in cases of obstructive jaundiee.'ii|ul more especially 
in those cases where the obstruction i$ |3ue to malignant 
growths of the pylorus, liver or }>anc|'eas. It is en- 
countered^ in all cas(‘s of splenic; anamiia and also after 
splenec;tomy. 

Since there is nc‘ver any inc*rease in fragility of the red 
ccdls in splenic arnrmia. the test ])erfoiins a useful function 
in the differential diagnosis of a(;holuric jaundice and splenic; 
•anaemia. In all other diseases, both gc;n€*ral and of thc' 
blood, there is no alteration of the c;orpuscular fragility. 

Very interesting results have beem rc'corded on the effects 
of operation on casc\s of acholuric; jaundu;e. Tlvis. after 
splenectomy the increase in fragility has been found to 
disappear, and in many ctases to be replaecHl by an incrc;ase 
in resistance to ha'inolysis. Even after many years there is 
no return of fragility. 

With regard tc^ the (;ause of this undue fragility there is 
considerable diffcreii(;c* of opinion, but, the majority of 
observers are convin(;ed that it lies in the corpuscles them- 
selves and not in the serum. 

An awount of the clinicial a]>plic;at ions of this test will be 
found in a paper by Thursfield (1), and a more general 
description appears in Wells' “ Chemical Pathology ” (5th 
Edn.), p. 250. 
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Blood Gkottping 


With tlic increasing recognition of the importance of blood 
transfusions, the detenniriation of the compatibility of two 
bloods becomes of the greatest imj)ortance. It was known 
many years ago that the intravenous injection of blood was 
attended w’ith fatal results in a certain number of cases. 
Researcli into this point led Jansky (2) and Moss (3) to separate 
individuals into four grou]>s, according to the interaction of 
their sera on corpuscles. The interactions may be expressed 
by the Iblloviiig scheme 

Group I, serum agglutiiiati's no red cells. 

.. If. ,, red cells from Cirou})s I. and 

in. 

,, III. .. red cells from Groups 1. and 

II. 

,, IV^. ,, red cells from fJroups I., 

II. iiiidlll. 


Or. conversely. 

Groiij) I. o('lls arc a.fiftlut.iuated by sera of II.. III. and IV. 

., II. „ .. „ in. and IV. . 

„ III. ,. .. II. and IV. 

„ TV. ,, are not agglutinated by any s(*ra. 


The distribution of tlu' population in these groups is 
\'ariously stated, but the majority of workers agree to some- 
thing like the following ; 


Group I. 




JS 


II. 

III. 

IV. 


40% 

10 % 

48% 


There is .some dilficulty with regard to the classification, 
since Jansky and Moss worked independently. Moss’s classi- 
fication is the one usually adopted, but some observers adhere 
to Jansky’s classification, which tran.sposes Groups I. and 
IV., Groups II. and III. remaining the same in both. 
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Method of Grouping.— Stock spcciiriens of sera II. an<l III, 

are necessary, 

A perfectly clean slide is taken, and a drop of serum II., 
and one of serum III., are placed on it at eithe r end. These 
two drops are diluted with 1 drop of saline, and a drop of 
the blood to be tested is added to each and stirred with a 
platinum loop. If agglutination take place, th(‘ eorpuse.les 
can be seen to clump by the naked ey(‘, oi?by a low-powered 
microscope, and the smear beconnvs tlaky/ From the r(‘sult 
the grou}) cian be predicted. 

If agglutination occur with serum lltv’^^me tlu^ blood is 
(iroup II., if w'ith 11. alone it is a (ironp 1|I| 

If no agglutination occur at all, tli^| unknown blood 
belongs to ftroup IV., and if witJi both to i^roii]) J. I'his is 
according to Moss’s classification. 

•The ideill condition is to transfuse ])ati6nts of the same.* 
group, but if this be not [xissibh*, IV., being a univ ersal donor, 
win answer the purpos(‘ well. 

In addition to the testing with sera II. and 111., it is 
always advisable to perform a direct test witli the patienFs 
4 )wn blood and that of the donor. Two drops, oiu' from eacth 
blood, are mixed on a slide, and after the lapse of som(‘ 
minutes the preparation is irisj)ected for agglutination. 
Preferably, tlic donor’s cells should lx* tested agahist the 
recipient’s serum, and vice verm. Even if tiu' groii])s of tlu* 
donor and recipient be compatibh* according to tests with 
sera II. and III., untoward results have occurred, aful 
agglutination has bc‘en found by tfa* direct t(‘st. Tins is 
claimed by some to be due to the existence of subgroups, 
but the ill effects can be avoided if a ]n’eliminary direct test 
be performed. 

I’he necessity for absolutely fix^sli standard s(?ra (cannot 
be too strongly emphasised, since they dt*teriorate rapidly it 
kept at room temperature. Many fatalities have occurred 
through incorrectly grouping a donoi' as a lour ” by means 
of inactive sera II. and III. These should be as Iresh as 
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possible, and should be stored in a freezer, fimen solid. An 
ordinary ice chest is insufficient. It is always advisable to 
perform a yjreliminary control with a known serum, pre* 
ferably a I.. II., or III. group, since by this means the activity 
of the standards can be guaranteed. 

If a patient be transfused with blood from an incompatible 
group, he experiences distress and pain in the back if con- 
scious, and if antesthetised, there is usually respiratory 
distress and weakening of the pulse. If a large quantity of 
blood be transfused, then the patient becomes extremely 
collapsed, and death Uvsually oeeurs in a few days, with 
unnnie symptoms, and luemoglobinuria. The meehanism is 
that the donor’s r^d eor})useles become rapidly agglutinated 
and ha*molysed. The resulting haL'inoglobin is Excreted by 
the kidneys, and becomes precupiiaic'tl in the renal tubules, 
with the production of an intra-renal obstruetiom and death 
from imeniia. S. L. Ilakcr and one of us (E. C. I>.) were able 
to study some fatal cases of this typc\ Observations wVre 
made on the blood urea, which in one instance rose to 
900 mg. per 100 c.c. at death. The kidneys, on section, 
showc‘d deposits of brown pigments in the tubules with 
dilatation. Since the mechanism of the precipitation of 
haemoglobin in the tubules had not been satisfactorily 
determined, an attemy)t w^as made to arrive at the exact 
cause. A very detailed study was made of the whole prob- 
lem, but there is only sufficient space here to summarise 
the y)apcr (4). There are two conditions necessary for the 
prcciy)itation of luemoglobin in these circumstances, an acid 
urine about pH6, and a coneeutration of salt uy> to 1%. 

If these conditions prevail, then an insoluble brown j^re- 
cipitatc appears, exactly similar to that comy>osing the casts 
in patients with hsemoglobinuria. We therefore concluded 
that the hamioglobin j)rodueed by lysis of the donor’s cells 
is excreted by the glomeruli and remains in solution in the 
dilute, slightly alkaline glomerular transudate. When the 
fluid reaches the tubules re-absorption begins to take place, 
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and the acidity and salt content rise, witli resulting pre- 
cipitation. 

All these conclusions were arrived at from a careful study 
of animal experiments, and since bringing about dilution of 
the urine and decreasing its acidity cauvsed recovery in our 
obstructed animals through dissolving the precipitate, it is 
suggested that massive alkaline transfusions in human cases 
might prevent the formation of intra-mial obstruction. 
The actual compound formed in the tubWes is a variety of 
acid haematin ; details of the chemical of the investiga- 
tions will be found in the paper (4<). J 

It can be seen, thcixdbre, that very s^ijouS results jnay 
occur through a mistake in grouping, aip|tliat tlic utmost 
attention rAust be paid to the remark ■ the j)receding 
j)ages. For a full account of tlie subject, refertmccs (5) 
and (5). <• i 

Sedimentation of Red Ckixs 

• 

Fahraeus (7) was one of the first, to make oliservations 
upon the rate of sedimentation of (‘rythrocytes in citrated 
i)lood. He showed that in ])rcgnancy the red cells sink much 
more rapidly tlian they do normally, and lie called tliat pro- 
perty, which is shown by differences in llie sinking speed of 
the red cell, the “ mispension-siability of blood. A slow 
rate of sinking indicates a high degree of stability, tic used 
the method of vein puncture, ruimiiig tlie blood directly 
from the needle into a small tube <‘.ontaiuing 2 c.c. of 2% 
sodium citrate solution. The tube is 17 cm. long, with an 
internal diameter of 9 mm., and there is a mark indicating a 
content of 10 c.c. situated about 2 cm. from the top of the 
tube. The blood is run in to this 10 c.c. mark. The contents 
arc mixed by inversion, the tube then placed vertically, and 
the rate of sedimentation of tlie red cells estimated by the 
depth of tlie clear fluid which appears on the top at the end 
of one hour* Fahraeus found that the sedimentation rate 
was increased in “ all kinds of infection, most distinct when 
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accompanied by high fever, in many cases of malignant 
tumours and certain species of psychoses, etc.” In Linze- 
meier's (8) method tlie tubes are 3 to 4 mm. in diameter 
and 6*5 cm. high, with a mark indicating the level of 1 c.c. of 
fluid. 

This mark is indicated by the figure 0, and below this marks 
are made at 6, 12 and 18 mm. respectively. Five per cent, 
sodium citrate is used, 0*2 c.c. being drawn up into a syringe, 
the vein is tlion entered and blood drawn up to the 1 c.e. 
mark. The citrated blood is mixed by drawing in a bubble 
of air and inverting the syringe several times. The citrated 
blood is then placjcd in the tube and reaches up to the 0 
mark. Tlie red cells fall to the bottom and the time is noticjed 
for their upper level to fall to the 0, 12 and 18*inm. mark. 
In a normal individual it takes between 250 and 300 minutes 
for the red c^ells to sediment to the 18 mm. line, t 

Westergren (0) modified tlie Fahraeus technique and 
carried out an important series of observations on the srxli- 
mentation rate in tuberculosis. He used a record syringe 
holding 1-2 (^.c. furnished with a small catch on the piston 
and having a line needle with an external diameter of 0*7 mm.^ 
The syringe is filled without the needle with 3*8% sodium 
citrate solution, the needle then attached and the piston 
pusfit'd down until its clasp catches, when the syringe is one- 
fifth full. The vein is then entered and the syringe filled 
with blood. The citrated blood is passed through the needle 
into ii small 2 c.e. test tube and mixed by inversion. The 
actual sedimentation test is })erformed in a sjiecial glass 
pipette. This consists of a dry and clean glass tube, 30 cm. 
long, and having an internal diameter of 2*5 mm., the lower 
end being drawn out into a short narrow point. A mark is 
placed on it 200 mm. from its lower end, and the citrated 
blood is sucked up to the mark, the contents then being 
about 1 c.c. The blood should be sucked up to the mark 
and out again at least five times to ensure proper mixing. 
The pipette, thus filled to the mark, is placed in a special 
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rack, standin^r vertically witfi the lower cod on a piece of 
rubber and its upper end held by a steel spring. The time * 
is noted. Readings are taken at the end of one and two 
hours, the column of clear thud abo\e the scdinunited <'or- 
puseles being measured. The measiireinent is taken Ironi 
the lower edge of the meniscus of the free surface of the 
liquid to the upper border of the eorpusch^. If the upjier 
border be not sharply defined tlie reading is taken down to 
a )>oint a little lower, wliere the density is obviously com- 
plete. In order to obtain the average lio^trlv sedimentation 
rate for the first two hours, the formula oi^Rat/ (10) may be 
(‘inployed. It is : — 

S, f S, 

2 

2 . 

wIktc Sj = the column of (tlear fluid in rn^. at the end of 
011 ^ hour, and S 2 its height at the end of two hours. 

Westergren carried out observations on 340 male patients 
suffering from tuberculosis in a sanatorium at Stockholm. 

He gives tlie following figures for the classes into wliich 
Observations fall : — 

1. Clear fluid column of 3 mm. is normal. 

2. Clear fluid column of 4- to 0 mm. is doubtful. 

3. Clear fluid column of 7 to 12 mm. is probably patho- 

logical. 

4. Clear fluid column of over 12 mm. is certainly patho- 

logical. 

Zeckwer and Goodell (11) have more recently described a 
method which they Jiavc employed in America, which does 
not involve the use of such elaborate apparatus. Hie sedi- 
mentation tube consists of an ordinary 15 c.c. glass (‘entrb 
fuge tube graduated in tenths of a c.c. Two c.c*. of 8% 
sodium citrate solution are first plaei^d in the tube, a vein 
is then entered with a fine needle and blood allowed to run 
into the eentrifugc tube to the 10 c.c. mark.. The tube is 


B.A.H. 
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then inverted and stood vertically. A reading is taken at 
the end of one hour. In this method the height of the column 
of sedinjented red cells is read and not the supernatant clear 
Iluid, as in the other methods. Thus if the sedimentation be 
very marked the red cells will occupy about 8 or 4 .e.c., 
whereas if the sedimentation be normal the red cells will 
extend u]) to the 7 or 8 e.e. line. 

Obserxatioiis were (tarried out upon 125 cases, and they 
w^ere divided into four groups, according to the degree of 
sedimentatioii. 

1. lied cells oe<tu})y 2 to 4-5 c.c. 

„ 4-5 „ 5-5 „ 

8. „ „ 5-5 8 0 

4. „ „ 8 „ 9*8 „ 

The authors claim that as only (‘omparatively ^ross altera- 
tions in degrees of sedimentation are of signilicance, there is 
no necessity to eni[)loy sedimentation tubes of fine ealijne, 
as differences of a few millimetres can be neglected. 

They obtained the following results, all with one Jiour 
observations : - 

Average reading. 

Normal .... Red cells occupy 7-1 (*.c. 

Tregiiancy ... „ „ 5-8 „ 

Tvhhrvlosis . . . ,, ,, 4-4 ,, 

Acute inflammatory pro- 
cesses, other than tuber- 
culosis .... „ 4*3 „ 

Malignant tumours . . „ 4*2 „ 

We have cjnployed the method of Zeekwer and (Jock! ell in 
estimating the rate of sedimentation of the erythrocytes in 
various conditions, and our results correspond fairly closely 
with those detailed above. 

The Nature of the Reaction.~Fahraeus (7) showed that 
the sedimentation is due to the action of haemagglutinins, 
the red colls when agglutinated dropping down. Hjemagglu- 
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tiJiation has been found to depend upon the prestjnrc of 
proteins in the plasma. Thus sedimentation occurs very 
rapidly in pure fibrinogen, less rapidly with globulin arnl 
very slightly in solutions of albumen. A Tt*d\iotion in tlte 
suspension-stability of blood is brought about by an increase 
in the fibrinogen or globulin protein fractions. Br(‘aking 
down of tissue proteins may therefore account lor an in- 
creased rate of sedimentation. 

The Value of the Test. — It must be clea^ understorxl that 
the stability reaction or sedimentf tion is not a sp(‘(ial 
t(‘St for any disease. It is not therefore in a$j? sense diagnostic, 
for, as has been shown above i)) diseases as tuberculosis, 
carcinoma, acute inflammation and lox^r^ias. the rate f)f 
sedimentatmn is acetierated. TIowe\ er, itf is ])()ssibl<‘ that 
the test may liave son)o vnilue in sucli a <|istase as tuber- 
culosis. TlUis Westergren (fi) states tlmt aiiormal sedimen- 
tation is never given in active tuberculosis. If t})e converse 
be khown to be true the test will obviously be of great value 
in the investigation of that large number of cases in wliich 
th<‘ })atient is run down and doubtful signs aiv found at one 
yipex of the lungs, tlu^ sputum contains no tubercle bacilli, 
the temperature is within normal liniits, the X-rays show 
increased root shadows with diminished transluee^ncy ol pne 
apex, and the complement fixation test is either po^^;tivc or 
negative. Westergren s\iggests that with a normal stability 
reaction an active ])hthisis can probably bo excluded, and 
further observations on this point are required. In one ot 
our cases, however, in which tubercle bacilli were present in 
the sputum, and the temperature varied from F. (nK>rn- 
ing) to F. (evening) wliile the i)atieut was in bed, the 
sedimentation figure was 9*4 e..c. red cells at one hour, using 
the Zeckwer and Goodcll method. Activity was undoubtedly 
present in this case and yet the sedimentation t<*st was 
negative. 

Apart from this it is doubtful whether the stability 
reaction will be found to yield more iufoniuition in tuber- 
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milosis than, is already afforded by the cliirieal picture of the 
case. It is said that the reaction is a rather more delicate 
iiulic^ation of Jictivity than is the temperature chart, and 
that tlie stability is diminished before the temperature rises. 
During eonyaleseence and sanatorium treatment the stability 
reaction may also lag behind the other signs of diminished 
toxaemia, so that the patient may apparently have arrested 
disease as judged by the physu;al signs and symptoms, and 
pulse and temperature exercise responses, and yet the sedi- 
mentation test may still show diminished blood stability. 
In such instances it is claimed that arrest cannot be con- 
sidered to be firmly established until the sedimentation rate 
has returned to normal. 

In diseases such as cancer, an actively growing and fun- 
gating tumour gives a greater sedimentation rate than does 
a slowly growing scirrhous carcinoma. This ‘!s probably 
dependent upon the amount of tissue dostriKJtion and stibsc- 
quent increase in fibrinogen and globulin in the blood. * 

The sedimentation test has thcrefoi’e many limitations, 
but it appears to have some value as an aid to diagnosis and 
prognosis if used intelligently in conjunction with other 
clinical and laboratory investigations. 


ESTIMATION OF THE SIZE OF THE RED CELLS 
IN ANA<:MIAS 

It has long been known that inequality in the size of the 
red cells in ])erni cions anaemia is a cliaracteristic feature of 
the disease, Pricc-Jones (12) has elaborated a method for 
demonstrating this graphically. A series of cells, usually 
500, are measured and the results are plotted upon a curve, 
the ordinates being graduated in terms of mean diameter 
and number of cells measured respectively. A thin film is 
made and dried in air. It is then stained with Jennet’s fluid 
for two minutes, followed by eosin for a similar period. This 
intensifies the original stain. The film is then placed uposn 
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the stage of a microscope litted witli sonic suitable form of 
projection apparatus, such as a oaincra olismira or projection 
prism. The magnifications are so arnnigisl that the cells, as 
appearing on the paper after jn-ojeetion, me inagnilied 1,000 
diameters, A measurement of 1 mm, on the paper is thus 



Fi(}. 42. — The curves of porniolouK auaitmia anti of anwriiia foilowing 
haBmoifhage stand on a wuhir basis than docs the normal on<% 
but the former is shifted to the right and the latter to the left. 


equal to 1//, on tlie slide, TJic maximum and minimum 
diameter of each cell is measured with a millimetre scale, 
and the mean is taken and converted into fi measurements. 
The cells arc then classified in groups progressing by 0 25 ji 
in diameter, and the mean diameter ot‘ 500 cells is taken to 
represent the mean diameter of the red cells of any specimen 
of blood. 
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Normally the cells vary from 6 to 8*75 p, in diameter, with 
a mean for 10,000 oells from twenty individuals of 7*2 p. In 
pernicious anannia the red cells vary from 4 to 12 p^ and the 
mean tliameter of 10,(K)0 ctells from twenty eases is 8*24 p. 
In the secondary ana;?niii following ha*morrhage, on the otlier 
hand, the mean diameter of the red cells is smaller than in 
health, althougli some macrocytes are present, the measure- 
ment being (i*85 p in a series of 5,000 cells from ten cases. 

TJic anisoeytosis in pernicious anaemia is therefore in two 
directions, but as the macrocytes outnumber the microcytes 
the net result is an increase in the average size of the red cells. 
Tliis megalocytosis is a characteristic early feature of the 
disease, and also persists during the remissions, although the 
total numVier of the red cells may be nearly normal. Similar 
curves tf) those obtained in pernicious aiucmia have been 
observed by Shackle and Harnpson (13) in the " anawia ‘ of 
spmc, and by Passey and Carter Brainc (14) in aua?mia 
secondary to infection with the dibotliriocephalus latus, 
V^ariations of 0*5 p occur in healthy people during the day, 
the cells being smaller in the morning than in the evening. 
Violent exercise increases the. diameter, which corresponds 
with an increase in volume. The size of the cells is found to 
vary with the reaction of the blood, an increased acidity 
causing an increase in their size and vice versa. Reference to 
the appendc'd curves will render the value of these observa- 
tions clear (see Fig. 42). 
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CHAPTER XVII 


BLOOD AND URINE ANALYSIS 

Rekokk commencing a detailed account of this important 
branch of biochemistry, it will perhaps be permissible to say 
a few words about the history of the subject. 

One of the very first scries of clinical blood analyses was 
performed by an Englishman seventy-eight years ago. Sir A. 
B. Gnrrod (1) published in 1848 an account of the uric acid 
content of blood in cases of gout, and on his observ'ations 
founded his now classical views with regard to ftie sctiolflgy 
of that disease. Shortly afterwards, in 1 S-W, t ’arl Schmidt (2) 
dcscriW his researches on the ultimate analysis of bfbod 
from fatal cases of cholera. Very little work of outstanding 
clinical value was done until after 101.3, when Bang (3) 
introduced his micro-chemical method for the estimation of 
sugar. Folin (4), in 1913, began to publish his methods, out 
of which grew his present well-known system, described 
at length later. It is thus seen that blood analysis 
is of quite recent date, and it is a very significant fact 
that it has grown to its present importance in such a short 
time. 

Before describing the various techniques, we have first to 
consider the collection of blood, for which there are two 
distinct methods : either by vein puncture or by capillary 
puncture. If anything like a complete analysis is to be 
attempted, vein puncture is the only method suitable. 
Every one is familiar with the details of this operation, 
but there are perhaps one or two points that might be 
emphasised. 

Eirstly, with regard to sterilisation of the syringe and 

S44 
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needle ; any method otlicr than by alcohol ot ether is suitable, 
if there be no alternative to alcohol or ciher, the syrin^^c 
should be rinsed out before use with sterile water, otherwise 
the blood will clot. It is a ^»‘ood praertiee to keep a series 
of sterile syringes and needles in sterile cases. For general 
work we prefer to sterilise our needles in oil. Another 
impoi’tant point, which is very freipier^Hy overlooked, is 
the necessity of having a sluirj) needle. .^.I'here is, perhaps, 
no greater enemy to the blood chem^ tlian a eliniciian 
armed with a blunt needle, since the dy^ition becomes so 
painful that few patients wdll submit to |f:i A needle is not 
satisfactory unless it goes into the skin the same readi- 
ness that it would into butter. The maj^rifcy of new- needles 
are quite blunt, and it is necessary to ^mrpen them on a 
piece of curved carborundum. This (ran erfsily be done wdth 
pftictiee, ahd blood taking will lose its terijors, both for the 
patient, and the operator. The blood should be translerrcd 
froVn the syringe to a small bottle or lub(% containing a 
pinch of finely ground potassiuin oxalate. If too much 
oxalate be added, it will be found impossible to obtain eorji- 
f)lete cjoagulation of the ])roteius. About 20 mg. of potassium 
oxalate per 10 c.o. of blood are required to prevent clotting. 
If preferred, this may be added to the tubes prior to uj^e in 
the form of a solution of potassium oxalate. Two drpps of a 
20% solution contain rather more than 20 mg. of oxalate. If 
the blood tul^e be treated, therefore, with 1 drop of such a 
solution, by “ running ” it over the sides of the tube, and 
allowing it to dry, the oxalate will be distributed in a finely 
divided form, and 10 c.c. of blood may be introduced without 
fear of clotting, Folin has recomm(*nded tlie use of small 
pieces of muslin (50 mg. of cloth per 10 c.c, of blood) which 
have previously been soaked in a solution made of lithium 
oxalate. This is prepared by dissolving 10 g. of lithium 
carbonate and 85 g. of oxalic acid in 1 litre of water, and 
evaporating to dryness. The residue, lithium oxalate, is 
dissolved in 240 c.c, of water, and the muslin strips are drawn 
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slowly through this solution. If sugar is to be estimated in 
the^ blood, it is advisable to add 1 drop of 40% formalin 
per 10 c.c. of blood, if the determination cannot bg made at 
oiKJe. Folin lias shown that by this means glycolysis is pre- 
vented, and the sugar content remains constant for quite 
forty-<‘ight hours. Although formalin is a powerful reducing 
agent, its addition to blood does not affect the alkaline 
(jo{)pcr solution. This may be due to its combination with 
the proteins. The tube is then corked and shaken. Ten c.c, 
un^ suflicieiit for a complete analysis by Folin’s method. If 
ealcMum is to he estimated, sodium citrate must be used in 
place of oxalate, for obvious reasons. 

The se(‘.ond method for the collection of blood^is by capil- 
lary puncture. This is used mainly for sugar estimations. 
In some cases this method is inevitable, although ex- 
perience points to the greater accuracy obtaincS by usibg 
larger amo\mts wherever possible. Thus capillary puncture 
frectuently has to be resorted to in children, particmlarly if 
rej)eated observations have to be made. The method is also 
of value in extremely fat persons, where the veins may be 
both invisible and impalpable. If it be decided to adopt th# 
capillary puncture method, the finger is generally selected. 
The, part chosen for the operation, usually the bed of the 
nail, is cleaned with ether, after the hand has been flushed by 
hanging in a dependent position, or by immersion in hot water. 
A sharp jab is given with a needle, preferably a flat surgical 
one, and the resulting drop of blood collected in a pipette. 
It is well to avoid, as much as possible, any squeezing or 
“ milking ” operatiem, since one tends to get tissue fluid in 
addition to blood. 

Having obtained the blood, tlu^ next step is to decide on 
what particular techaiejue to adopt for the analysis. 

The methods come under two main headings : — 

Firstly, colorimetric methods, which are rapid, easy and 
accurate, but expensive owing to the apparatus required ; 
and secondly, volumetric, which are also accurate, but 
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require larger quantities of bloo(J, and allhougli diliicult and 
lengthy, liave the advantage of b(‘i ng ( htap from tlic point 
of view of apparatus. In the following deseri])tion will l>e 
found representative techniques, all of wlii<*h ha\ e be en use<l 
personally by the authors, and have been found to hv highly 
satisfactory. 

In hospital practiee, where large nuinhtrs of blood 
analyses have to be done, many of whidb are ottt ii urgent, 
we have found that Foliu and Wu’s syst^l pro\'es the most 
satisfactory. 

In the following ])ages will he ff>und[''l|e (l(‘serij)lion of 
methods. 

THE FOLIN AND WU SYSTEM OF m|30D ANALYSIS 

• # Use of the CoLoKriMF/rKf^ 

There ar<‘ two main types of colorimeter in nse in this 
country. Firstly, the Dubosq pa I tern, and s(‘(*(>ndly, the 
Klett Kober type. 

From a wide ex]:)erience of all (colorimeters, w'<‘ re(*oni- 
tneiid the latter, since it is more a(*curutc\ and possc^sses 
divided mirrors, thus enabling the observer to adjust the 
illuiniTiatiou with ease. Tlu^ eolorimeler must be kept 
scrupulously clean, and solutions must not be spilt (iver the 
mirrors. Although it is imj)ossible to e nter into a detailed 
account of colorimeters, the following descrijdion and 
diagram will help to giv^e the rcad(*r sonu* idea ol how these 
instruments are constructed. The g(Mieral arrangement ol 
the colorimeter (can be seen in the diagrammatic sketch given 
(see Fig. 48). It consists of an eye-piecce giving an image of 
the contents of the cups. The light ])asses up in the patJis 
shown by the dotted liiu^s. It lirst jiasses tlirough the solu- 
tions contained in the cuj)s, up to the bottom of the plungers. 
Since these arc made of solid glass, or some translucent 
material, the light passes througli them up to the prisms. 
These reflect the light as shown into the eyc-piece. The 
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EYE Piece 



Fiu. 4.1. * -The Oolorimetor. 

1, RepreHenifii the appearance \yh^n the 
‘ cups are empty, 

2. When too great a depth is observed 

in the right cup, 

8* Kepresenta the match. 


ittmge seen, is shown 
l)elow, land consists 0 $ a 
cimilar field divided 
diametrically iuto two. 
One half n^preseut^J the 
light transmitted 
through one cup ami 
the other corresponds to 
that passing through the 
opposite cup. The cups 
arc carried on platforms 
which can be moved 
vertically, ^nd the dis- 
tance between the 
bottom of the plunger 
and the bottom of fhe 
cup (i.e., the depth of 
fluid observed) can* be 
r(‘ad off on a scale. 

Whenever possible, it 
is advisable to use day* 
light as a source of illu- 
mination. The colori- 
meter is placed in a 
good and steady source 
of light, and the stan- 
dard solution is poured 
into botli cups, which arc 
then adjusted so that 
the depth of fluid in 
each side is the same, 
usually 20 mm. The 
mirrors are then adjusted 
in such a m^ner that 
the colour on each side 
appears the same. The 
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ld‘t-luuui ctip is then lowered, and the unknown solution is 
substituted for the standard. The colours are a^ain inatehed 
by varying the depth of the unknown. It is essential to bc' 
sure that the scale reads at 0 when the plungin’ and bottom 
of cups are touching. If this be not so a aero correct ion must 
be applied in the case of the Dubosq instnmicnt, whilst in 
the Kober there is an ingenious doviec for altering tiu’ /(‘lo. 
Three readings should always he taken, ami with jiraetiee it 
will Ik* found that they will he idenlieal. Ol>ser\ ations slioukl 
consist in a series of rafiid glances, and ncl| a ]>roloug(‘d star<% 
otherwise faligiK’ and iiiaceuraey will resilftt^ 

Tlie proecss of calculation is extremely {sinqilc, j)ro\ ided 
that the depth of colour is directly p|*(:|)orl ional to the* 
amount of Uihstanee present. This state pt allairs usually 
jirct'ails if tlicre be not a great differen(*e betWeeu the strength 
oftthe imk.iown and of the standard. No eonifiarison should 
be attempted if the reading between the two differ bv more 
thftn 20%. Either a stronger standard or weaker dilutions 
of the unknown should be ])repared. 

The amount of siibstaiiee is givei by tlie following caleula- 
: — 

Depth of standard in inilliiuet res ^ eoneentration of stan- 
Deptli of unknown) in millimetres elard in nig. per f.e. 

This giv<‘S the eoneentration ol the unknown in mg. per e.e. 
To convert tlie result obtaiiu’d into mg. ])er 100 e.e. ol lilooci 
all dilutions of the original blood will, ol course, Iiunc to be 
allowx'd for. 


THE METHODS OF FOLIN AND WU 

Phbpahation of the Pkoteik-free Filtrate 

Solutions,— 1, 10% sodium tungstate. This should be 
quite clear, and alkaline to phenolphthalein. If not, the 
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tungstate is not sufficiently pure for the purposes of blood 
analysis. 

2. N. sulphuric acid. 

Kethod* — Suitable pipettes arc selected, and, if clean, arc 
washed out with acetone and dried by air suction from a 
water pun)}i. or by blowing air through by means of bellows. 
The following are then pipetted into a flask. The acid, 
Avhich must be adflcd last, is run in drop by dro}), wdth gentle 
agitation of the contents of the flask. 

One volume of blood, 

ScA'cn volunies of w^ater. 

Orie volume of the tungstate solution. 

One volume^ of the aeid. 

The flask is then violently shaken, and if the fjreei imitation 
of the blood prot(‘ins has been complete, the colour changes 
in a lyw minutes from bright red to a ehoeolatctbrowni and 
there are no bubbles. If these conditions be satisfied the 
resulting solution is filtered, using the juinimum quantity of 
filter paper and pouring the whole of the fluid on to the 
funnel at oikjc. If not, the ])reeipitatic)n of proteins has been 
ineompleie and the liltrate will be cloudy. The addition oj' 
10% sulphuric acid, drop by drop, accompanied by vigorous 
shaking, may save the specimen, altliongh this is not a 
desirable procedure. It is exin'inely important to remember 
to neutralise the filtrate treated in this manner before esti- 
mating urea by the soya bean method. The liltrate will be a 
water-clear fluid if all has gone well. This may be preserved 
almost indefinitely by the addition of a few drops of toluol, 
but the sugar will disappear more or less rapidly. According 
to Folin thc addition of a drop of formalin prevents glycolysis 
and does not interfere with the subsequent determination. 
When dealing with cerebro-spinal fluid, it is recommended 
to use only a quarter volume of tungstate and sulphuric aeid 
and to make up to the ten volumes with water. If serum is 
to be deprotein iscd, half volumes of tungstate and acid are 
sufBcient, 
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Failukes in the Preparation of a Protein -fhkk 
Filtrate 

The commonest causes of failure may bc' emimerated as 
foll^w^s : — 

1. Inaccuracy in tlie preparation of the 10% sodium 
tungstate and ^ N. sulphuric acid. If the .siilphuri(» acid has 
l>een carelessly standardised, bad results will he of)t aim'd, 
owing to the acid being eitlier too weak Qfton strong. 

2. Too much potassium oxalate may i($.ve been added to 

the blood. This is one oP the eominon«^f causes of failun*. 
and can be avoided by adhering to the ttic^hod of j)r(‘|)aring 
blood tubes already described. j | 

A further word of warning must be gi^|n eoju'erning the 
reaction of :Sltrates obtained by the additioiloP 10% sul})buri(t 
acid. These have a much lower pll than Ordinary liltralcs, 
antii their >caction jnust be brought to the normal \'alue. 
Ordinary filtrates just give a faint purple colour with brom- 
crc^ol purple, /.r., pH (V5 to 6*8. If 10% arid has be(‘u added 
the reaction must be adjusted so that a. faint ])urple (‘olour 
is given with this indicator. The adjustment may be made 
hy adding solid sodium (;arbonat(* and shaking. 

Estimation of Nox-pkotkin NiTRociKN 

Solutions.’—!. Dige‘stion mixtur<‘. 

50 c.e. of 5% copper sulphate solution. 

300 c.c. of 85% |)hos})]iorie acid. 

100 c.c. of nitrogen-frc(' puix' sulphuric; aiad. 

2. Standard ammonium sul])hate solution (;ontaining 1 mg. 
of nitrogen per 10 c.e. (O- ITIO g. ot‘ spc'c ially [)uri(ied am- 
monium sulphate per litre). 

8. Nessler’s solution. See under Blood Frea Estimation. 

Method. -Into' a hard glass test tulx' introdiKT the 
following : — 

5 c.c. of blood filtrate. 

0*5 c.c. of tlie acid digestion mixture and a quartz 
pebble. 
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Heat over a mioro-burncr and boil steadily . It is advis0*blc 
to wann the whole tube first in order to avoid the danger of 
eraeks. As the liquid concentrates it will darken, and when 
only about 1 c.c. remains dense white fumes will 
When thi*s stage is reached cover the mouth of the tube with 
a wat ch glass and cut down the flame slightly. Continue the 
lieating until the liquid becomes clear and almost colourless. 
Allow to cool, add aboiii 10 e.c. of water and immerse the 
tube in a Ixiiling water bath. Ai)art from a slight opalescence 
the fluid sliould be colourless. If brown, it is a sign that 
digestion is incomplete, and the combustion will have to be 
repeated. This dissolves up most of the sulphates that have 
separated out. Filter wlnlst still hot into a 50 c.e. measuring 
flask, and extract witli another 10 c.e. of watVr similarly. 
Cool the contents of th(‘ flask by immersion in cold water. 

Preparation of the Standard. — ^To a lOO c^c? measuring 
flask add S c.e. of the standard ammonium sulphate solution 
and 1 c.c. of the digestion mixture. Add about 00 c.t', of 
distilled water. 

To the standard add 00 e.c. of Nessler’s solution, and to 
the smaller flask add 15 e.c. Make u]) to the rcwspectiv^ 
volumes, mix and compare in the colorimeter wdth the 
standard set at 20 mm. 

Calculation. — Six hundred, divided by the colorimetric 
reading, gives the result in milligrams per 100 c.c. 

Estimation of Blood Urea 

Ek)lutions. — l . Bi i ff er solnt ion . 

09 g. monosodium phospliate, 

179 g. crystallised disodium phosphate. 

1 litre of distilled water. 

2. Urease paper. ' 

Thirty g. of powdered soya bean are ground up with 10 g. 
of permutit powder. The whole is well shaken with 120’ e.c. 
of 16% alcohol. The resulting fluid is filtered through muslin, 
or a chardiu payier, and strips of filter paper are drawn, 
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through the filtrate, after which they are huug up to dry. 
The dry paper is then cut up into pieces about an inch 
square. One suffices for a detenuination. 

8. Nessler’s reagent. Ordinary Nessler's reagent is un- 
suitable, and must not be used. The following method of 
preparation must be adhered to. 

150 g. potassium iodide. 

110 g. iodine. 

140 to 150 g, metallic mercury. 

100 c.c. water. , _ 

These are all introduced into a 500 flask, which is 
shaken vigorously for seven to fifteen mi^t|tes. When the 
solution, wlimh is at first red, begins to tiafe, cool the con- 
tents of the llask by immersion in cold wate|. After a short 
time the red is replaced by the green eolodr of the double 
iodfde. WJicn this stage has been reached decant the green 
solution into a two-litre measure. Wash the niercury left in 
the i:>rigmal flask w4th several (quantities of water, pouring 
‘^'the washings into the two-litre measure. Make up the 
volume witli distilled water. To make the final solution add 
7^0 c.c, of this solution to Jb500 e.e. of 10% NaOH (made by 
diluting a clear saturated solution, containing about 55 g. 
per 100 C.C., and checking by titration ; an accairacy of 5% 
is necessary). The final Nessler’s solution should bo quite 
clear and ready for use. If cloudy, allow to stand for some 
time, when the clear supernatant fluid can be decjantcd. 

4. Saturated solution of borax. 

N 

5. hydrochlorie arid. 

Method. — Into a hard glass test lube {1 by 8 inches), add 
tile following : — 

5 c.c. filtrate. 

2 drops of buffer solution. 

1 piece of urease paper. 

Incubate in a water bath at 55® C, for eight to ten minutes. 
Remove from bath and add 2 c.c, of the saturated, 
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sohition. The urea nitrogen has now been converted into 
ammonia, whilst the addition of borax renders the solution 



Fuj. 44, — Urea Distillation Apparatus 
(after Foiin). The smaller rubber 
stopper is grooved to allow for the 
exit of steam. 


sufficiently alkaline to 
enable the ammonia to 
be distilled off. If the 
solution be heated, it will 
froth violently, rendemg 
distillation impossible. 
The addition of paraffin is 
of no avail, whilst caprylic 
alcohol merely distils over 
and causes a precipitation 
when Nessler’s solution is 
added in the final stage. 
After many experiments, 
it was found that if a wire 
spring be placed in the 
tube, as shown below, the 
bubbles break up, and dis- > 
tillation is rendered easy. 
Experience has shown th;iLt 
aeration methods are not 
so reliable as distillation. 

Insert a spiral spring of 
wire in such a manner that 
it covers practically all 
the inner surface of the 
tube (see Fig. 44). Close 
the mouth of the test 
tube with a mbber stopjKjr 
bearing a bent delivery 
tube, aud fix up in a clamp 


and retort stand with the 


delivery tube dipping into a test tube containing 2 c.c, of 

N . . 

hydrochloric acid. Reference to the figure will make 
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the description clear. The test tube is graduated at 25 c.c. 
The base of the large tube is carefully located with a micro- 
burner until the contents begin to boil. The distillation is 
continued until the contents of the smaller test tube are 
about doubled in volume. The rubber stopper is then 
removed from the larger tube, and the delivery tube is 
washed out with a few c.c. of water intp.jtlie tube contain- 
ing the distillate. Great care must be '^keu in remov ing 
the large rubber stopper, otherwise the j^ttion of the larger 
tube may be moved in relation to the witli the result 

that a “ suck back ” will occur. Alte<T0j^|ivcly, when the 
distillation has been completed, the smal|i*st tube may be 
placed in the position shown in the diaj^m immediately 
below the apparatus. If the heating fee continued, the 
steam will wash the inside of the delivery tube, and the 
outside can%e washed with a spray of distilled water from a 
wash bottle, lly this means there will be no fear of a ‘‘ suck 
back.” The contents are then cooled, and the volume made 
‘ up to about 22 c.c. with water. 

Preparation of the Standard. — Three c.c. of the stan- 
dard ammonium sulphate solution, referred to under the 
estimation of non-protein nitrogen, are measured into a 100 
c.c, measuring flask, and about 80 c.c. of distilled wateivire 
added. • 

Ten c.c. of Nessler’s solution are added to the standard, 
and 2'5 c.c. to the tube coutaiiiing tlie distillate. The 
volumes aix? then made up to 100 c.c, and 25 c*.c. respec- 
tively. After thorough mixing they are ctnnpared in the 
colorimeter with the standard at 20 mm, 

Calcnlation. — Let the colorimetric reading of the unknown 
beE. 

20 X 15 15 642-8 milligrams of urea per 

” n “ loocx. 

The commonest causes of failure in this determination are 
as follows ; — 

t. Brxeessive frothing during the <li$tiUation. This is 
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usually prevented by the spiral spring of wire* Folin sug- 
gests the addition of 2 drops of liquid paraffin to the solution 
before the heating is commenced, but in our experience tliis 
is of little value. 

2. Turbidity of the final solution to be compared* The 
commonest cause of this is insufficient cooling of the solutions 
before the addition of Nessler’s solution. If the urea content 
be high, 200 mg. per 100 c.c. or over, a precipitate is almost 
sure to form and render accurate comparison im})ossible. 
This difficulty can be averted by taking a smaller volume of 
blood liltrate, say, 2*5 or even 1 c.c. 

n. lneoin])]ete hydrolysis of the urea, thus giving too low 
a reading. This usually happens wdien 10% acid has been 
added to render the precipitation of the original blood com- 
plete. This can be averted by the addition of a pinch of 
solid sodium carbonate to neutralise the exces.C acidityj* as 
outlined under the section on “ Failures in the Preparation 
of a Protein-free Filtrate.” 


Kstimatiom or ITkic Acid 
Solutions. — 1. Uric acid reagent. 

The* following formula for making up this reagent was 
given to the authors in a letter from Professor Folin : — 
Fifty c.c. of 85% phosphoric acid. sp. gr. 1*75, and 160 c.c. 
of water are introduced into a flask which is heated until the 
contents boil, when 100 g. of sodium tungstate are added. 
It is essential to use phosphoric acid of the strength pre- 
scribed, otherwise some of the lithium carbonate will not go 
into solution, and a defective reagent will result. The boil- 
ing is continued gently for one hour, using a micro-burner as 
the source of Ijeat, and a funnel in the mouth of the flask as 
a condenser. 

Twenty-five g. of lithium carbonate are transferred to a 
beaker and 50 c.c. ^ 85% phosphoric acid are added. 
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Two hundred c.c. of water arc then added and the con- 
tents of the beaker are boiled in order to drive off C’Og, The 
first solution is then added to this and tin* whole is made' up 
to 1 litre. 

2. 15% sodium cyanide in deeinorinal NaOH. 

3. 20% solution of lithium sulphate. 

4. Uric acid standard. 


To 0-2 g. of uric acid in a beaker ad<| 20 e.c. of a 0-5% 
solution of lithium carbonate. It is ad|i$a])I(^ lo add the 
lithium carbonate solution at a temporatu^ braliout 00 " ( \ or 
70° C. Stir until all the uric acid has diss^lked. Add 10 e.e. 
of water, 10 c.c. of 40% formalin, and 2^,0. of 50% a(*etic 
acid. Transfer the resulting solution to a >0 c.e. measuring 
flask and make up to the mark with distilled water. This 


solution contains 1 mg. of uric* acid jier cjubic centimetre*. 
From this stock solution the urine standard ean be placed 
by making a 1 in 10 dilution, and tlie blood standard by 
mailing a 1 in 250 dilution. To jirepare the* blocxl standard, 
therefore, one proceeds as follows : — 

To a 250 c.c. measuring flask 1 c.c. of the stock solution is 
added, together with about 100 c.e. of watc*!* and 10 c.e. of 
I N. sulphuric acid. One c.c. of 40% formalin is then added 
and the volume is made up to the mark witli w*ater. 

Method. — Standard. — Five c.c;. of uric ac;id solution and 
5 c.c. of blood filtrate are set up in test tubes graduated at 
25 c.c. One c.c. of uric aend reagent, 2 to 4 drops of lithium 
sulphate solution, 2 c.c. of water and 2 c.c*. of the; cyanide 
solution are added to each. After standing at room tempera- 
ture for two minutes, the tubes are immersed in a boiling 
water batli for one minute. After cooling and diluting to 
25 c.c. the resulting blue solutions are compared in the 
colorimeter, the standard being set at 20 mm. The com- 
parisons must be made at once, otherwise fading may 
^ occur. 

Calculation. — Eighty, divided by the colorimetric reading, 
gives the uric acid content in milligrams per 100 c.c. 
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Estimation of Creatinin 

Solutions. — 1. Standard creatinin solutions: 1*61 g. of 
the creatinin zinc chloride compound is dissolved in sufficient 
N 

HCl to make a litre. The creatinin zinc chloride com- 
pound may be bought, or it can be made from urine. This 
solution will contain 1 mg. creatinin per c.c. This stock 
solution is suitable for the determination of urinary creatinin. 
The blood standard is jirepared by diluting 6 c.c. to 1 litre, 
after the addition of 10 e.e. of ilecinomial HCJ. 

2. Saturated acpieous solution of puritied jiicric acid, 

3. 10%NaOH. 

4. Alkaline pierate solution. This must be freshly pre- 
pared each time. It is made by mixing saturated pi^*ric* 
acid solution and 10% NaOH in the proportions of 5 to 1 
respe<jtively. 

Method. — Put up the unknown and standard as follows in ^ 
tubes graduated at 15 and 30 e.c. : — 

Unkfwwn, Standard. <» 

10 c.c. filtrate. 5 e.c. standard creatinin solution. 

5* e.c. alkaline pierate. 15 e.c. water. 

• 10 c.c. alkaline pierate. 

Let stand for eight minutes. 

Compare in the colorimeter with standard at 20 mm. 

Calculation.— Thirty, divided by the colorimetric reading, 
gives the creatinin content in milligrams per 100 c.c. 


EsTIMATfON OF AmINO-ACTD NiTIIOGKN IN BlOOD 

Solutions. — 1. Standard solution of an amino acid. 
Almost any amino acid will do, but generally it will be found 
that glycine is the most convenient. A solution of glycine 
is made by dissolving 0*0586 g. of pure acid in 100 c,c. of 
decinormal HCl containing 0*2% of benzoic acid. BVom this 
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Stock solution, which contains 0-1 nig. of nitrogen per c.c., 
the actual standard is prepared by diluting 70 c.c. to 100 c.e. 
with decinormal HCl, The resulting solution contains 
0*07 mg. of nitrogen per e.e. 

2 . Special sodium carbonate solution. Fifty i\(\ of 
saturated sodium carbonate solution are diluted to 500 e.e. 
with water. By titration with decinormal HCl, using inetlivl 
red as an indicator, and subsecpient dilation, the strength 
of the carlionate solution is so adjust^ that 8-5 e.(*. arc 
neutralised by 20 c.c. of the aeid. 

•3. Sp<‘cial acetic aeid solution. 

This is prepared by diluting 100 (*.e, ^ acetic acid 
with an eqt}al volume of 5% sodium aeelfi|tc solution. 

4. A 4% solution of sodium thiosulphatc^NaaS/la.rdlgO). 

5. Fresh 0*5% solution of the sodium of /i^-naphtho- 
qdinone-sul phonic ueid. Since this substatiee is not readily 
obtainable its preparation will be dcscrilied. 

ihreparation of the Salt. — l. Disvsolve in a beaker lOO g. of 
j 3 -naphthol in 300 c.c. of 10 ^^ NaOlL 

2 . Dissolve 50 to 55 g. of NaNOg in 000 c.c. of water in a 
4-litre beaker. 

8 . Pour the alkaline ^-iiayihthol solution into the t-lilre 
beaker and wash out with about 100 e.e. of water. Mixdund 
add 800 g. of crushed ice. • 

4 . Add 200 c.e. of cold 10 % 11^^840 slowly, stirring 
constantly. Stir for two minutes and ihen add anotlier 
200 c.c. Continue in this manner until 800 c.c. in all have 
been added. The resulting mixture will then have a })er- 
manent acid reaction. A yellow precipitate begins to form 
with the first addition of acid, and hiereases in quantity ujitil 
the whole mixture becomes a semi-solid paste. The ])reei- 
pitate lias a sligh? greenish tint. After standing for one liour 
it is filtered through a 20 cm. Buclmer funnel, and is washed 
with about 1,500 c.c. of water. 

5 . The precipitate is transferred to a large dish and 100 g, 
of sodium bisulphite and 50 g. of sodium sulpiiite are sprinkled 
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over it. After vigorous stirring the mixture becomes liquid 
and is immediately filtered through a Buchner funnel and 
the black residue on the paper is washed with a little 
water. The filtrate mid washings are transferred at once 
to a dark tinted vessel containing 2,000 c.c. of water and 
500 c.c. of pure HCl. The mouth of the vessel is covered 
with a watch glass and the whole is left to stand in a 
dark cupboard for thirty-six hours. The vessel becomes 
filled with a network of fine crystals, which are filtered 
off and washed with about 2 litres of water. The pre- 
cijiitate (l-amirio-2-naphthol-4-sulphonic acid) is transferred 
to a large beaker and 100 g. of NaNOs are added to it. 
One hundred c.c. of concentrated nitric acid, diluted with 
350 c.c. of water, are then added. A reaction immediately 
takes place and nitric oxide fumes are given off. After 
leaving for ten minutes, the mixture is stirred*^ \igorouS;ly 
and is allowed to stand for half an hour. If no reaction take 
place on the addition of the nitric acid, add 1 to 5 c.c.^ of 
concentrated nitric acid. Tiie resulting solution is filtered 
on a Biichiier funnel and the residue is washed with 1,000 c.c. 
ofl0%NaCL 

The residue is impure 1-2-4-naplithoquinone-sulphonic 
aci^, the desired compound. 

6. ^li'ansfcr the residue to a dish and add 200 g. of 
powdered borax, together with 450 c.c. of water. Mix until all 
but a trace of the compound has disappeared. Filter through 
a Blichner funnel and wash with 100 to 150 c.c. of water. 
Whilst the filtration is in progress an acid alcohol solution is 
made by mixing 850 c.c. of 95% spirit with 150 c.c. of con- 
centrated HCI. Cool and add a few drops of liquid bromine. 
The powder on the Buchner funnel is now transferred to a 
large beaker and the alcohol solution is poured on to it. The 
mixture is then vigorously stirred and allowed to stand for 
five minutes. By this time all the quinone has come out of 
solution and is filtered off on a Buchner funnel. The residue 
is washed with 700 to 800 c.c. of 10% NaCl. This recry s- 
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tallisatioii process is repeated, and the second time the 
residue is washed witii tOO c.e. of alcohol, and finally with* 
200 e,o. of ether. 70 to 90 g. yield is obtained by this 
procesis. 

Tests of Purity.— 1 . A 1 % solution of the salt set uj) in 
one of the cu})s of a colorimeter is compared with a 0-5 N 
potaSJsium bichromate solution. Whe^ the deptli of the 
bichromate solution is 20 min. the qui®bnc solution should 
read off at 26 to 27 mm. .i'; 

2. Tests for ammonia and coloured'^ decomposition pro- 
ducts are given in Folin\s original pa})ex|(4), wlneh should be 
consulted if any doubt as to the })uri%]of the compound 
arise. | 

Method. — Put UJ) two graduated tubes follows : — 

^ f^tmidard, Wiltrate, 

1 c.c, of standard glycine 5 e.c. of (iltrate. 

solution. 

3 e.c. of water. 2 droj^s of 0-25 ‘X) alcoholic*. })henob 

phihalein. 

2 drops of 0-25% al(;oho- Enough carbonate to ])roduce the 

* lie jiheijolphihalein. same colour as in the standard. 

1 c.c. of special sodium 

carbonate solution. 

5 c.e. of water. 

Add 1 c.e. of freshly prepared naphtlioquinone solution to 
the filtrate and 2 e.c. to the standard. 

Allow to stand in the dark for twenty to thirty hours. 

Add 2 c.c. of the acetic acid solution to the standard and 

1 c.c. to the filtrate. Shake and add thiosulphate solution, 

2 c.c. to the standard and 1 c.e. to the filtrate. Make the 
Standard up to VO c.c., the unknown to 15 c.c. Compare the 
the standard at 20 mm. 

Cldcnlntion. — One hundred and forty, divided by the 
colorimetric reading, gives the amino-acid nitrogen content 
in milligrams per 100 e.c. 
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Estimation of Blood Cblobidbs 

► 

Solutions. — 1. Silver nitrate solution. 4*791 g. of silver 
nitrate are dissolved in a litre of water. 

2, Tliree g. of potassium thiocyanate are dissolved in’ a 
litre of water, and the strength is adjusted by titration and 
dilution so that 5 c.c. are equivalent to 5 c.c. of the silver 
solution. ' 

8. P()wd(;red ferric ammonium sulphate (alum). 

4. Pure^ nitric acid. 

Method. — Ten o.c. of iiltrate are pipetted into a white 
porcelain dish, 5 c.t*. of the silver nitrate solution and 5 c.c. 
of nitric acid are added together with a pinch of alum. 
After standing for a few minutes, the resulting'*mixture is 
titrated with tlie thiocyanate solution until a definite 
salmon-pink colour is obtained. 

Calculation.- -Five, minus titration figure in c.c. = mg. 
chlorine per c.c. 

To convert to mg. NaC ])cr c.c., divide the above figure 
by 0*606. If these results be multiplied by 100 the content 
in mg. per 100 o.c. will be obtained. 

Estimation of Blood Sugar 

Solutions. — 1. Standard sugar solutions. 

One g. of j)ure glucose is dissolved in 50 c.c. of 0*25% 
benzoic acid solution in water. This solution is then trans- 
ferred to a 100 c.c. volumetric flask and made up to the mark 
with benzoic acid solution. One c.c. of this solution made 
up to 100 c.c. will serve as a standard for most bloods, but 
it is well to have a double standard ready in case a very 
high blood sugar is encountered. This is made by diluting 
2 c.c. of the stock solution to 100 c.c. (all dilutions are made 
with saturated benzoic acid). These solutions contain 0*| 
and 0*2 mg. of glucose per c.c. 

2. Alkaline copper solution. > 

Forty of anhydrous sodium carbonate are dis^lved in 
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g. «f swlitini tung* 


25C.C, 


400 O.C. of water, and the resulting solution is transferred to 
a litre flask. 7-5 g. of tartaric acid are added, and when thi? 
has dissolved, 4-5 g. of crystalline copper sulphate arc added. 
After thorough shaking, the substances dissolve and the 
TOlume is made up to a litre. 

3. Molybdic acid solution. 

Thirty-five g. of molybdic acid and JS 
state are added to a litre beaker, t^, 
gether with 200 c.c. of 10% NaOH 
200 c.c. of water. The contents oi’ | 
beaker are then boiled for Iialf an lKaj| 
or so in order to remove the am]noni| 
from the giolybdic acid. After cooling! , 
the solution is transferi’ed to a 500 (j.c; 
measurin|f flask, and diluted np to about 
^|50 c.c. One hundred and twenty-five 
c,e. of 85% phosphoric acid are then 
added and the volume is made uj) to 
500 c.c. 

Method. — Two c.c. of filtrate and 
2 c.c. of standard are transfcrnul to 
special sugar tubes (see Fig. 45). 

Two c.c. of the alkaline copjier solu- 
tion are added to each, and the tubes are 
immersed in a boiling water bath for six 
minutes. They are then removed and I'lo. 45. - Folin’s BJoo<l- 
cooled in water. Two c.c. of molybdic 
acid are added to each, and after shaking, the volume to be 
made up to the 25 c.c. mark with water. After mixing, 
the solutions are compared in the colorimeter, the standard 
being set at 20 mm. If there be any reason to suspect that 
the blood sugar content is likely to be high it is as well to 
employ both standards. 

OaloulBtioii. — 2,000 for the low standard, and 4,000 for the 
high standard, divided by the colorimetric reading, gives the 
sugar oontent in milligrams per 100 c.c. 


V 


/ 


1—14- c.c (not MARjCED) 
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Estimation of Blood CiioLtiSTlsEOL 
Mktjiod of Mvers and Waiidell(5) 

One c.c. of blood, plasma or serum, is pipetted into a 
porcelain dish containing about 5 g. of plaster of Paris. The 
mixture is stirred with a small glass rod until a uniform paste 
is obtained, when the dish is placed in a hot air oven at 
100® C. This drying process is continued for one or two 
hours, after which tlic dish is removed and the contents are 
finely powdered and transferred into a filter-paper extraction 
shell. This is placed in a Soxhlet extraction apparatus, 
using chloroform as the solvent. Myei’s uses a special 
modified extractor, heated on an electric hot plajbe. Great 
care must be taken not to char the solution by excessive 
heat. After thirty to sixty minutes’ extraction, the chloro- 
form solution is removed and evaporated down t:o 20 c.<?. 
If turbid, the solution must be filtered. 

Five c.c. of this solution arc pi]^etted off into a test tn\>e. 
and 5 c.c. of a standard cholesterol solution in chloroform 
(0*4 mg. in 5 c.c.) are measured into a similar tube. Two c.c. 
of acetic anhydride, and 0*1 c.c. of pure sulphuric aijid, are * 
added to each solution. After thorough mixing, the tuties arc 
transferred to a dark cupboard for ten minutes in order to 
allow the colour to develop. The green tints are then com- 
pared in a colorimeter, with the standard at 20 mm. 

20 

Calculation. r — r x o*4 x 4 x lOO — 

depth ol unknown 

cholcvstcrol content in milligrams per 100 (;.c. The nonnal 
values, as obtained by this method, vary from 150 to 180 mg, 
per 100 c.c. for scrum, and from 140 to 170 mg. per 100 c.c. 
for whole blood. 

Estimation of the Phosphate Content of Plasma 

This method, as recommended by de Wesselow (6), in- 
cludes the improvements of the fbllowdag workers : Beil and 
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Doisy(7), Lehman (8), Denis and von Meysenbim (n) and 
Tolstoi (10). ‘ , 

Solutions. — 1. Stock solution of monopotassiimi phosphate. 
The pure salt is powdered and desiccated for several days 
over sulphuric acid. Of this preparation 4*80 1 g, are dissolved 
and made up to 1 litre with phos])hate-free water hi an 
accurate flask. 

This solution contains 1 mg, of phosphorus in 1 o.c. 
For the actual determination a wcaj^if solution, eoutain- 
ing 0-05 rrig. of phosphate in 10 e.(‘.; is used. To prepare 
this 5 c.c. of the strong standard soMji^n are made iin to 
1 litre. | 

To avoid the growth of moulds the are. kept tiglitly 

stoppered and a small cpiautitv of c|i[lorolbrm may be 
added. ‘ t 

' 2. Carbonate sulphite solution. To $ litres of a 20^^, 
solution of sodium carbonate 75 g. of sodium sulphite*, dis- 
solved in 500 c.c. of water, arc added. The solution is then 
liitercd. This solution should be made up in small quantities, 
since its keeping properties are poor. 

r,. 8. Trichloracetic acid solution. Twenty per cent, solution 

of trichloracetic acid. 

4. Molybdic acid solution. One hundred g. of jnire 
ammonium molybdate are dissolved without heat hi 1 litre 
of phospliate-free 2N.H2S4O. Five c.c, of this solution are 
treated with an equal amount of th<‘ hydroquinone solution. 
After standing for five minutes, 25 c.c. of the carbonate sul- 
phite solution are added. If the reagents be satisfactory the 
resulting mixture should be absolutely (tolourless. If this 
test be unsatisfactory a fresh sample of ammonium molybdate 
should be u.sed, or it may be purified by the method given by 
Bell and Doisy ^). This solution k(*eps indefinitely, a little 
precipitation being of no importance. 

5. Hydroquinone solution. Twenty g. of pure hydro- 
quinone are dissolved in 1 litre of pliosphate-free water, and 
then 1 c.c. of concentrated sulphuric acid is added. 
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Ott standing this solution becomes coloured, owing to the 
^formation of quinone. It may be used as long as the caloira> 
tion is moderate, since the quinone is reduced in the deter- 
mination of the phosphates by the alkaline sulphite solution. 
This solution should be kept in a tightly-stoppered bottle to 
prevent oxidation. 

Method. — ^Five c.c. of plasma (or 2 c.c, if the phosphate 
content be suspected to be high) are run into a 25 c,c, flask 
containing 10 c.c. of water and 5 c.c. of the trichloracetic 
acid solution. After shaking, make up to the mark with 
water and mix. On standing for ten minutes, filter through 
a filter paper which has been well washed with slightly 
acidified water and dried. This removes any trace of phos- 
phate from the paper. '' 

To 10 c.c. of perfectly clear trichloracetic acid filtrate in a 
25 c.c. flask, add 1 c.c. of molybdic acid solution^ and 2 c^c, 
of the hydroquinone solution. At the same time similar 
quantities of molybdic acid and hydroquinone are added do 
a 25 c.c, flask containing 10 c.c. of the weak standard phos- 
phate solution (0-05 mg. P) and 2 c.c. of trichloracetic 
acid. After five minutes 10 c.c. of the carbonate sulphite^., 
solution are added to each flask, and the flask containing 
the plasma filtrate is made up to the 25 c.c. mark with 
water. Compare in the colorimeter after standing for 10 
minutes. 

If the standard cup be set at 20, and a 1 in 5 dilution of 
50 

plasSma used, then ^ 100 c.c. of plasma. 

Thus, with a reading of 1 5 for the plasma, each 100 c.c. of 
plasma would contain 3-3 mg. of inorganic phosphate 
expressed as phosphorus. 

It may be necessary to use a stronger standard or less 
filtrate with bloods rich in phosphates. 
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NON-COLOBIMETRIC METHODS 


EsTTMAllON OF BlOOD UrEA. (MARSHALL (11), Van 
Slyke anp Cullen (12) and MacLean (13) ) 

Adutions.— 1. sulphuric acid. 


N 

2. -- sodium hydroxide. 


100 

A saturated solution of methyl r^4^p 50% alcohol. 

A solution containing 0 g. of polaasinm hydrogen phos- 
phate in 1 litre of water. ^ ^ 

Ten g. of soya bean in 100 c.e. 
stamd with occasional shaking fdrfone hour. Ten (j c. 

N 'I 

hydrochloric? acid are added ind the mixture is 


ter are allowed to 


allowed to stand for fd’teen minutes longer. It is now 
filtered and a few drops of toluene are addijd. This 
solution can be used I'or at l(‘a$t live days after its 
preparation. 

6. Solid anhydrous potassium carbonate. * 

Method* — Three c.c. of oxalated blood are run into tube li 
(see Fig. 46) containing 8 c.c. of the phosphate solution. Six 
drops of caprylic alcohol and 1 c.c. of 10% soya bean e>^tract 
arc added, and the tube is then stopj)ercd and is placed in a 
water bath at a temperature of 42'’ (\ for fifteen minutes. By 
this means the urea is hydrolysed by the urease into ammonia 
and carbon dioxide. 


While digestion is in progress, measure out 25 c.c. a<;id 


into another tube A, together with 2 drops of niethyl red and 
1 drop of caprylic alcoliol. When the decomposition of the 
urea is complete, the tube is removed from the water bath 
and connected on one side with tube A, which contains the 
N 

25 c.c* “7^ acid, and on the other side with tube C, containing 
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some 5% sulphuric acid, to absorb any ammonia in the 
Aspirated air. Tube A is then connected to a suction pump. 
The clips arc now opened and the air current is passed 



Fig. 46. — ^Apparatus for the Estimation of Urea and Non-protein 
Nitrogen in Blood. 


through for one minute, in order to carry <^ver into tube A 
any traces of ammonia that may have escaped into the air 
space of tube B during decomposition. The suction is stopped 
and the blood tube B is opened and 4 to 5 g. of potassium 
carbonate are added. The cork is replaced immediately and 
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the air current is now passed through slowly at first, but 
after a few minutes the pump is turned on to its fullest* 
capacity, ' The time required for complete aeration deixMids 
on the pump used, but with ordinary jjower the experiment 
should be complete in thirty to forty minutes. The lube A 
containing the standard acid is now disconnected, ami the 

excess acid therein is titrated with NaOH until the 

indicator gives a faint buff colour. Thpl^ifference between 
the 25 C.C. acid originally taken and th^iOiunber of e.c. of 
alkali tisetl gives the number of c.e. ^i^tralised by the 
ammonia. | | 

'■ N 

Galcillaticn. — This is verv simple, siiuMb leacJi e.e. of ^ 

I 100 

acid neutralised ecpuils 10 mg. urea per 100 e.e. blood, 

^ ^ N 

Grams urea per 100 c.e. blood -- 0 01 x e.(u ^ aeid. Urea 

100 

N 

» nitrogen per 100 c.c. blood = 0*00400 x e.c. aeid. In the 

100 

calculation it is usual to subtract 0*4 c.c, from tlu* actid 
ileutraliscd in order to allow for the ammonia in the reagents. 


Estimation of Non-Protein Nitrogen. (MacLk,\n (l!l) ) 

• 

Preparation of Blood Filtrate. — Three c.c. of oxalated 
blood are pipetted into a llask containing 12 c.e. distilled 
water, and then 15 c.c. of a 10% trichloracetic acid solution 
are added. After thoroughly mixing, and standing for half 
an hour, the contents of the llask are filtered. The liiirate 
should be perfectly clear. 

Btetll0d«-~'Ten c.c, of the above filtrate are measured iuto 
a hard, heat-resisling glass test tube H (Fig. 40), together 
with 1 c.c. of pure concentrated sulphuric acid and 3 drops 
of a 5% copper sulphate solution. A few very small beads 
and 0*1 g. finely ground pumice are added to prevent bump- 
ing. The tube is then placed in a slanting position and the 
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mixture boiled down over a very small flame to a volume 
' of 8 o.c. The tulKj is then restored to an upright position and 
heated until the contents begin to char. At this stage 0*3 g, 
of potassium sulphate are added and heating is continued for 
fifteen minutes after the mixture clears. While still warm 
6 c.c. of distilled water are added and tlic tube is cooled 
undcjr the tap. The distillation of ammonia may now be 
performed. An apparatus exactly similar to that described 
for the urea estimation is used (see Fig. 46), liberation of 
ammonia being accomplished by the addition of 3 c.c. 
saturated potassium hydroxide. To prevent any escape of 
ammonia during the addition of alkali, an inner tube, 
graduated to contain 8 c.c. up to the mark, is used. By 
sucking up the caustic potash solution to the mark and 
closing the rubber tube attached, the alkali remains in this 
tube until the clip is released. The rubber attached to the 
short tube is now closed with a clip, and the inner tube, 
containing the potash, inserted into the larger tube, 'i'he 
rubber tubes are now attached to a tube containing a 5% 
solution of sulphuric acid on one side and to one containing 

N . . *) 

25 c.c. of a standard solution of sulphuric acid on the 

100 ^ 

other. The suction pump is attached to the tube with the 
standard acid. The clip on the short tube is now opened and 
the potash allowed to mix with the solution in the large 
tube by opening the clip attached to the inner tube. The 
air current is passed through, slowly at first, and after a few 
minutes tlie pump is turned on to its fullest capacity for 

N 

thirty minutes. Disconnect and titrate with NaOH. 

100 

N 

Calculation. — A blank equivalent to 0^/5 c.c. H 2 SO 4 

should be allowed for the nitrogen contained in the chemicals 
N 

used. vPne c.c, — H^S 04 0-00014 g. nitrogen. 
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Estimation of Bi.ood Sugar by MacLeAn’s Method (l 4)^ 

Solutions,— 1. 15% solution oi* sodium sulpliato, to wludi 
is added 0*1 c.c, of glacial acictic acid per 100 c,(;. of (inished 
solution. After tlie addition ol tlic acetic acid this solution 
only keeps a short while, hence it is advisable to add the acid 
immediately prior to use. In order to ensinre that no reducing 
substances are contained in the acid it is;!^^visablt‘ to redistil 
it after the addition of a few erystals of iK)tassiimi perman- 
ganate. 

2. Dialysed iron solution (British Dru^^ouses). 

0. Alkaline copper solution. | I 

Twelve g. of potassium bicarbonate arc^cfssolved by gt nily 
heating in ‘60 to 70 e.c. of water, aud' ig. of anhydrous 
potassium carbonate are added. 0-35 g. croppc'r suJphiit(‘ 
dissolved in a few c.c. of water in another vessel, f Ik* con- 
tents of which are tlien added to the first beaker. After 
the effervescence has passed over, solution of the remaining 
carbonate is brought about by heat. 0‘()5 g. of potassium 
iodatc and 0*5 g. of j^otassium iodide are now added, and 
,,thc whole solution is filtered through a No. 1 Wliatman liltcr 
paper. The volume is then made u}) to 100 c.e. 

N 

4. potassium thiosulphate solution, niade by dilifting 

a decinormal solution, 5 c.c. being made up to 200 c.c* 

5. 1 % solution of soluble starch. 

6. 25% H2SO4 (by volume). 

As this method is very complicated, the readtT must follow 
the description given below miimtely if he wish to obtain 
anything approachijig an accurate result. 

Prick the finger with a needle and run up 0*2 e.c. of blood 
into the speciar^ipette. These pipettes are white- backed, 
similar to those used in blood counting. They must be 
absolutely clean and dry. Cleansing may be effecjted by 
soaking in sulphuric acid containing dissolved j)otas8ium 
dichromate. After washing this out the pipettes may be 

» 24—3 
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<lried by rinsing in acetone and drawing air through. Empty 
^the pipette into 28*8 c.c. of the acid sodium sulphate mixture. 
Rinse out the pipette until it is clean. Insert a stopper bear- 
ing a long capillary pointed tube, facing downwards, into the 
flask, and heat until the fluid just boils. Remove and plunge 
into cold water. By this means little or no evaporation 
occurs. Add 1 c.c. of dialysed iron solution, drop by drop, 
1‘otating the flask all the time. This completely precipitates 
the proteins. Filter through a small starch-free paper. While 
the liquid is filtering, the standard gas flame should be pre- 
pared. To a flask add 22 c.c. of the acid sodium sulphate 
solution, light the hooded bunsen, and put the flask to boil, 
noting the time that heat was applied and the time the liquid 
took to boil. The flame must be adjusted so that it boils the 
contents of the flask in one minute forty seconds. This is 
done by turning the gas tap full on and regulating the g«s 
supply by moans of the screw clip. Wlicn the adjustment is 
complete, mark the position of the liquid columns in the 
manometer for future occasions. 

Measure out 20 e.c. of the filtrate into a flask and add 2 c.c. 
of the alkaline copper solution. Place over the standard,, 
flame and note the time when the’^liquid starts to boil. Con- 
tinue boiling for exactly six minutes, then remove and cool. 

Add 2 c.c. of 25% H5JSO4 and shake with the hand over the 

N 

mouth of the flask. Iodine is set free. Titrate with 

400 


thiosulphate solution (5 c.c. of 


N 

10 


diluted to 200 c.c.), 


until the iodine colour has almost gone. Add 1 drop of 1% 
starch solution, and continue the titration until the blue 
colour has just disappeared. Note the reading. 

Take another flask, add 20 c.c. of the acid^^odium sulphate 
solution and 2 c.c. of copper solution. As before, boil, add 
2 c.c. 25% H2SO4, and shake. Titrate as before. 

Sugar in the protein-free filtrate reduces the alkaline 
copper to Cu^O, which at once reacts with the mixt\tre of 
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KlOa and KI, giving Ciiglg. The 2 c.c. of 25% H2SO4 iit^ 
once set free iodine from the residual KIO^ and KI, which is^ 
estimated by the thio-titration. In tlie blank experiniont tlie 
total amount of iodine is set free and estimated, hence the 
difference between the blank and actutd ex))eriment thio 
figures is proportional to the copper reduced, whicli, in turn, 
is proportional to the amount of sugar present. 

Oalcnlation. — ^Let or c.c. be the difluretice between the ' 
N . . ' 

amount of — thiosubfiiatc solution ui^ for tb(‘ blank an<i 
400 

the actual experiment. 

0‘2 c.c. of blood would liavc required |®|f*.c. of this. 

The amount of sugar eorresponding tolthis figiire can be 
obtained from the tabic below (Mai'Lcan),^ 

f 

For Estimation of Sugar in 0*2 o*c. Blood 


Giving Percentage of Glucose Efiuivahmt to Sodium 
Thiosulphate Solution when 20 c.c. Blood Filtrate are Used. 


N 

400 

Thiosulphate. 

C.C. 

Percentage 

of 

Sugar. 

N 

400 

Thiosulphate 
c c. __ 

pprrentaj?? 

of 

Sugar 

N 

400 

Thiosulphate 
c r 

Pereentage 

of 

Sugar 

012 

0*018 

2*22 

0*118 

4*24 

i)-21« 

0*25 

0*025 

2*85 

0*125 

4*87 

0-225 

0-88 

0*081 

2*44 

0131 

4*49 

0-231 

0-50 

0*087 

2*61 

0 137 

4*62 

0-287 

0-62 

0*048 

2*74 

0 143 

4*74 

0-248 

0*78 

0*050 

2*86 

0*150 

4*87 

0-250' 

0-86 

0*056 

2*99 

0*156 

4*99 

0-256 

090 

0*062 

8 11 

0*162 

5*12 

0-262 

M8 

0*068 

8*24 

0 168 

5*24 

0-268 

1*26 

0*075 

8*86 

0 175 

5*87 

0-275 

1*89 

0*08 P 

8*49 

0*181 

5*49 

0-281 

1*58 

0086 

8 61 

0 187 

5*62 

0-287 

1*67 

0*093 

3*74 

0 198 

5*74 

0-298 

1*80 

0*100 

8*87 

0 200 

5*87 

0-800 

1*94 

0*106 

8*99 

0*206 

5*99 

0806 

2*07 

0*112 

4:12 

0*212 

6*12 

0-812 


374 


BLOOD AND URINE ANALYSIS 


« 


Micro-estimation of Blood Sugar by Hagedorn’s 

« - .. Method (15) 

Solutions 


1 , 


Caustic soda 


N 

’ 10 * 


2 . Zinc sulphate, 0*15%. 

3 . Potassium ferricyanide, 1*05 g. 

Sodium carbonate (anhydrous and freshly heated), 

10*6 g. 

Water to 1,000 c.c. 

This solution must be protected from light. 

4. Potassium iodide, 25 g. 

Zinc sulphate, 50 g. 

Sodium chloride, 250 g. 

Water to 1,000 c.c. 

5. (Jlacial acetic acid (Fe-free), 3 c.c. 

Water to 100 c.c. 

6 . 1 g. soluble starch in 100 c.c. saturated NaCl solution. 

N 

7. Sodium thiosub)hate solution, - . 

200 

N 

8 . Potassium iodatc solution, - , prepared by dis^ 

200 ^ ^ 

solving 0-3566 g. dry KIO 3 in 2 litres water. 

. This solution must be accurate. 


Method. — In a test tube (15 X 150 mm.), 1 c.c. — 

10 

caustic soda is mixed with 5 c.c. 0-45% zinc suljjhate. This 
forms a gelatinous precipitate of zinc hydroxide. 

0-1 c.c. blood is now measured in a capillary pipette, blown 
into the mixture and the pipette quickly washed out with 
the solution. The tube is now heated in a boiling water 
bath for three minutes and the contents filtered through a 
small wad of washed cotton wool into a test tube. The filter 
is washed twice with 3 c.c. of water. After the addition of 
2-0 ex. of the alkaline ferricyanide solution the tpbe is 
heated for fifteen minutes in a boiling water bath. 
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After cooling, 3 c.c. of the iodide-zinc sulphate solution 
and 2 c.c. acetic acid solution are added, and the solutioif 
titrated with the thiosulphate solution, using 2 drops of the 
starch solution as an indicator. 

The thiosulphate is added from a micro-burette which 
contains 2 c.c. and is graduated to 0*02 c.c. 

As a check on the solutions, the whole estimation is done 
without addition of blood, and the tlii&ulphate is cliecked 

N 

by titration of 2 c.c. of the potasi^n iodate to which 

have been added 3 c.c. KI - ZnS 04 solit^)n and 2 c.c. acetic 
acid. Suppose 1*9 c.c. of thiosulphate ii|oiution were used in 
this case, then the figure in column B of tabic gix en below 

^ I 2 00 

is obtained by multi])lying that in column A by . 

ll i't/Vl 

’ The following is iin exami)lc of the results : — 


• 

2 . 

8 . 

4 . 

Blank 

Blank 


200 


A. 1 

(*.0. 'I'lllo- ; 
sulpliafo - 1 

h 

A.2 (K) 

3 -OO 

e. 

uiK- Glucose. 

(' - 
blank 
value. 

1-26 , 

1-33 

0*319 

0-131 

1*32 i 

1*39 

0'308 

0-100 

1*00 ; 

3 05 I 

0-368 

0-160 

rio i 

3-22 

j 0-138 

0*330 

3 -80 ! 

1-95 

1 0*008 

. — 

1*85 ; 

— 

1 — 

— 

1'9() 1 

— 

1 

— 


Column C is obtained from a table given in the original 
paper. The results may be worked out os follows ; — 

2’0 c.c. minus the figure in column B represents the 

volume of ferricyanide reduced — say, x c.c. 

2-0 C.C. ferricyanide is reduced by 0 885 mg. glucose. 

Hence the amount of gluco.se is 0 385 X ^ per cent. 
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Table. (Hagedom and Jensen ) 
N 

c.c. NajSjOj— mg. Glucose. 



0 00 

0 01 

0 02 

0 03 

0 04 

006 

4>05 

0 07 

006 

0 00 

0-0 

•386 

•382 

•379 

•876 

•373 

•370 

•367 

•364 

•361 

•368 

01 

•366 

•362 

•350 

-.348 

•345 

1 -343 

•341 

•338 

•336 

•333 

0*2 

•331 

•329 

•327 

•325 

•323 

•321 

•318 

•316 

•314 

•312 

0*3 

•310 

•308 

•306 

•304 1 

•302 

•300 

•298 

•296 

•294 

•292 

0-4 

*290 

•288 

• 28 p 

•284 

•282 

•280 

•278 

•276 

•274 

•272 

0*6 

•270 

•268 

•266 1 

•264 

•262 

•260 

•259 

•257 

•256 

*253 

0-6 

•261 

•249 

•247 

•246 

•243 

•241 

•240 

•238 

•236 

•234 

0*7 

•232 1 

•230 

•228 

•226 

•224 

•222 

•221 

•219 

•217 

•215 

0-8 

• 213 ' 

•211 

•209 

•208 

•206 

•204 

•202 

•200 

•199 

• 19 f 

0-9 

•196 

•193 

•191 

•190 

•188 

•186 

•184 

•182 

f 

•181 

•179 


Table. (Hagedorn and Jensen) — continited. 



Estimation of Calcium in Serum (Kramer and 
T lSDAIJi (16) AND TjSDALL, ALSO ClARK AND COLLIP (17) ) 

The principle of this method consists in precipitating the 
calcium as oxalate, and the precipitate after washing is 
titrated with permanganate. 

Method. — ^Two c.c. of serum are measure® into a 15 c.o. 
graduated centrifuge tube containing 2 c.c. of water. One 
c.c. of saturated ammonium oxalate solution is then added 
and mixed by tapping the lower end of the tube. i^The 
mixture is allowed to stand for half an hour, when it is mixed 
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again, and centrifuged at 1,500 revohiti(ms per minute for 
five minutes. The supernatant fluid can then i)e removed )>>• 
decantation, or, if preferred, it may be removed by a capil- 
lary pipette and teat, the point of the being sliglitly 

bent upwards. All but 0-3 c.c. of the supernatant fluid is 
drawn off at each washing. Two per cent, ammonia (2 c.c. of 
concentrated ammonia to 98 e.c. wafer) is now nni in up to 
the 4 c.c. mark. This should be added ijgi sneh a way that t he 
skies of the tube are well washed downi' Tlie fluid is again 
mixed and centrifuged for five minuk%ll^6d the snpernalanl 
fluid is removed as before. This eonstil|utes one w\ashing. 
and the process is repeated twice, inakij^^ three w^ashings in 
all. The ^precipitate of (‘aleium oxalate w nov^ dissolved m 
2 c.c. of approximately normal suljihnric and tlie tiilx* 
with its contents is heated in a boiling fiath for a l(‘w nnmites. 

* * N 

While still hot, it is titrated with ])otassnmi permaii- 

ga*nate to a definite pink colour, w'lii(‘h must ])ersist for at 
least one minute. A micro-burette gra(hiate*(l in 0*02 e.e. 
should he used for this titration. 

I Calculation.— The number of e.e. of permanganate used, 
multiplied by ten, will equal the number of mg. of (>aleium 

per too c.c. of serum. The amount of permanganate 

needed to impart a definite pink colour to 2 e.e. of fluid must 
be determined and subtracted from the cpiantit> of piTirum- 
ganate used in the final titration. 

Reagents.— The only reagent that mnii.1 be quantitatively 

accurate is the ^ sodium oxalate (Sorensen). This is used 
100 

to standardise ^e permanganate. An sodium oxalate 

solution is prepared in the usual way. .Solution of the 
oxalate is facilitated by the addition of S e.c. of eoncentrated 
sulphuric acid. The solution is. then diluted ten times to 
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^maJce an - solution of sodium oxalate. The latter solution 
• 100 

will remain unchanged for several months ; the former will 
keep indefinitely. The other reagents are prepared in the 
usual way. 

Clark and Collip have modified the above method of 
Kramer and Tisdall. A 4% solution of ammonium oxalate 
is used to precipitate the calcium completely in thirty minutes. 
The mixture is centrifugated as above until the precipitate 
is well packed in the bottom of the tube, the supernatant 
fluid is decanted, and the tube inverted on filter paper, where 
it remains draining for some five minutes. The mouth of 
the tube is wiped with a fine cloth and the sides washed down 
with 3 c.c. of a 2% ammonia solution directed in a fine stream 
from a wash bottle. The tube is again centrifugated and 
drained as before. Two c.c. of NH 2 SO 4 are blown on the 
precipitate from a pipette in order to break it up and facilitate 
solution. The tube is placed in a boiling bath for about cftie 
minute until all the precipitate has dissolved and the oxalic 
N 

acid titrated with pot. i>ermanganate. During tlie^ 

titration the tube is kept in a batli of water, which sliould 
be maintained at a constant temperature of 70” to 75” by 
means »f a thermostat. 

The above simplification yields very constant results. 


COLORIMETRIC URINE ANALYSIS (18) 
Estimation of Ammonia 

The principle of this method depends upon the extraction 
of the ammonia from the urine by meaim of permutit, a 
synthetic aluminate powder. The powder must be fine 
enough to pass through a 60 mesh sieve, but not through an 
80 mesh sieve. 

Solutions.—!. Standard ammonium sulphate solution, 
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containing 1 mg, of N per 10 c.c. (0*4716 g. of specially 
purified ammonium sulphate per litre). • 

2. 10% NaOH. 

8. Kessler’s solution (see Folin and Wu’s methods for 
bloody p. 858). 

Method. — Place about 2 g. of permutit powder in a 100 e.<;. 
flask, add about 5 c.c. of water, and witli an Ostwald pipette 
introduce 2 c.c. of urine. If the aniiuoiiia content bo low it 
may be necessary to use more than 2 , Uinso down with 

about 5 c.c. of water. Shake gently for::^^ iuinut(‘s. Rinse 
powder to bottom of flask with about of wat(‘r. Add 

water once more and decant. Add a water to powder 
and 1 c.c. of 10% NaOH. Sliake and all<l^ to stand. Dilute 
to about 75 c.c., add 10 c.c. Nessler’s rcagfent, and make up 
to the 100 c.c. mark with water. \ 

* Prepara1:ion of Standard. Five c.c. bf tlie standard 
ammonium sulphate solution are placted in a 100 c.c. flask 
aAd 1 c.c. of 10% NaOH added. Dilute to about 7.5 c.c. with 
water and mix. Ten c.c, of Ncsslcr's reagent arc' now added, 
the conteut>s being shaken during the addition. Dilute to the 
1 00 c.c. mark, Com})are in the colorimeter with the standard 
at 20. 

Calculation. — Ten, diA’idc'd I)y the colorimetric; rc'ading, 
gives the ammonia nitrogen content in milligrams per 2 c.c. 
The figure thus obtained, if nuiltiplic;d by 50, will give the 
answer in milligranjs per 100 c.c. 

Estimation of Total Nii'hookn. 

Solutions. — 1. Digestion mixture. 

50 c.c. of 5% copper sulphate solution. 

800 c.c. of 85% jihosphoric acid. 

100 c.c. M nitrogen-free pure sulphuric acid. 

2. Standard ammonium sulphate solution containing 1 mg. 
of nitrogen per 10 c.c. (0*4716 g. of specially purified ammo- 
niunj sulphate per litre). 

8. Nessler’s solution. 
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Methods — Dilute 10 c.c. of urine to 100 c.c., mix, and with 
•an Ostwald pipette transfer 1 e.c. of the diluted urine to a 
large hard glass test tube. Add 1 c.c. of the digestion 
mixture together with a pebble, to prevent bumping. Heat 
over a tnicro-burner until white fumes are emitted, when a 
watch-glass is placed over the mouth of the tube. When the 
contents become clear, remove the flame, allow to cool, add 
water, and rinse into a 200 c.c. flask, using about 125 c.c. of 
water. Shake the flask, and while shaking add BO c.c. of 
Ncssler’s solution. Dilute to 200 c.c. 

Preparation of Standard. — ^Ten c.c. of the standard 
ammonium sulphate solution are placed in a 200 c.c. flask, 
and 1 c.c. of the digestion mixture is added. Dilute to about 
150 c.c. and add 30 c.c. of Nessler’s solution. Diiute to the 
200 c.c. mark. Compare in the colorimeter witli the standard 
at 20. 

Calculation. — -Two hundred, divided by the colorimetric 
reading, gives the total nitrogen content in milligraihs 
per c.c. This flgurc, multiplied by 100, converts the result 
into milligrams per 100 c.c. 


Estimation of Urea 

Solutipns.- 1. Buffer solution. 

09 g. of monosodium phosphate. 

179 g. of crystallised disodium phosphate. 

1 litre of distilled water. 

2. Urease solution. Wash 8 g. of permutit with 2% acetic 
acid, then twice with water. Add 5 g. of soya bean meal and 
100 c.c. of 15% alcohol. Shake for fifteen minutes. Pour 
on a large filter and cover with a watch glass. The filtrate 
contains the urease, which will keep for fouf or six weeks in 
an ice chest, and about a week at room temperature, 

8. Nessler’s reagent. 

Method.— Transfer 1 c.c. of a 1 in 10 diluted urine^into 
. a test tube. Add 2 drops of buffer solution and 1 c.g* of the 
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urease solution. Digest in a bath at 40° to S5° C. for five to 
ten minutes. Rinse into a 200 c.c. flask and dilute to about* 
150 c.c. Add 20 c.c. of Nessler’s reagent and dilute to 
volume. 

Awpflrotioil of Standard.-^Tcn c.c. of the standard 
ammonium sulphate solution are placjed in a 200 e.(\ flask 
and 1 c.c. of urease solution added. Dilute to about 150 (\c*. 
and add 20 c.c. of Nesslcr’s reagent. Makf up to llie 200 c.c. 
mark. f 

f Calculation. — Let the colorimetriii rea^|^ of the unknown 

be R, then, with the standard at 20, + urea N 

in milligrams in 1 e.c. of urine ; let tliy be iv mg. Then 
urea N == — NH3.N in 1 c.c. of urine, ' |f the result is to 

be expressed in milligrams of urea per 1^0 therj the 

formula required is 100 x ~ 

7 \ R ® y 


Estimation of Uric 

Solutions.--^]. Acid silver lactate solution. 

5 g. of silver lactate. 

5 c.c. of lactic acid. 

5 c.c. of 10% sodium hydroxide. 

75 c.c. water. 

2. Standard uric acid formalin solution. To 0-2 g. of uric 
acid add 20 c.c. of a 0-5% solution of lithium carlionate. It 
is advisable to add the lithium carbonate at a temperature 
of about 60° or 70° C. Stir until all the uricj acid has dissolved. 
Add 10 c.c. of water, 10 c.c. of 40% formalin, and 2 c.c. of 
50% acetic acid. ^ Transfer the resulting solution to a 200 c.c. 
measuring flask and make up to the mark with distilled water. 
This solution contains 1 mg. of uric acid per c.c. From this 
stock folution the urine standard can be prepared by making a 
1 in 10 dilution. 
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3. 15% sodium cyanide in NaOH. 

4. 20% sodium carbonate solution. 

. 5* Uric acid reagent. Place 100 g. of sodium tungstate in 
a 2-litre ilask and add 50 c.c. of water. Shake. To the 
solution add 80 c.c. of an 85% phosphoric acid — ordinary 
phosphoric acid synip. Close the mouth of the flask with a 
funnel and two watch glasses, one small and one large, and 
boil for tw^o houi*s. Cool and dilute to 1 litre. 

C. 20% lithium sulphate solution. 

Method. — 111 a centrifuge tube containing 3 c.c. of watej* 
place 2 c.c. of urine. Add 3 c.c. of the acid silver lactate 
solution and centrifugate. Decant. Transfer S^c.c. of the 
uric acid standard solution into a 100 c.c. flask and add 1 c.c. 
of the sodium cyanide solution to it and to the tube containing 
the silver precipitate. When the latter has dissolved, rinSe 
it into a 300 c.c. flask with 50 c.c. of water. Add about 45 c.c. 
to the standard. To each flask, standard and unknown, a&d 
15 c.c. of the 20% sodium carbonate, 2 c.c. of 20% lithium 
sulphate, and, while shaking, 3 c.c. of the uric acid reagent. 
Let stand for four minutes, dilute to volume, mix andt 
compare in the colorimeter with the standard at 20. 

Calculation.— Ten, divided by the colorimetric reading, 
gives tl>e uric acid contc^nt in milligrams per 2 c.c. To obtain 
the answer in milligrams per 100 c.c., multiply the result by 
50. 


Estimation of Creatinin. 

Solutions. — 1. Standard creatinin solution. 1*61 g. of 

creatinin zinc chloride is dissolved in 1 litrefof ^ HCl (1 c.c, 

10 

contains 1 mg. of creatinin). 

2. Saturated aqueous solution of purified picric acid. 

8. 10% NaOH, 4 ' 
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Metbod. — Into 100 c.c. iltisks j)lacc — 

1 c.c. of urine. 1 c.c. standard (trcatinin. 

20 c.c. picric acid solution. 20 c.c. picric acid solution. 

1-S c.c. 10% NaOH. j..'-, iQO/^ NaOM. 

Stand for ten minutes, dilute to mark, and mix. 

Compare in the colorimeter with standard at 20 
Calculation. — ^I'wenty, divided by the <«>loTirnctric reading, 
gives the creatinin content in milligrams per c.c., or, nudti- 
plied by 100, in milligrams per 100 c.c. 


Estimation of Amino-acid NnrkooKN 
Solutions. — 1. Standard |rly(dne s()Iutio|i. <) ()5;3G 
g’ly<jine dissolved in lOO c.c. JICl coi|tidning 0-2% 


ol‘ 

ot‘ 


benzoic acid. This solution contains 0*1 mg. nitrogen per c.c, 
2, Special sodiuni (‘arboiaite solution. Fifty c.e. of a 
saturated sodium carbonate solution are dilut(‘d to a volume 
of 500 c.c. The strength of this solution is determined by 


titrating 20 c.c. of 


N 

10 


HCl with the (jarboiuite, using methyl 


red as indicator. The carbonate solution is adjusted until 

8*5 c,e. are equivalent to 20 e.e. ^ of HCl. 

^ 10 

3. Special acetic acid solution. Add 100 (*.c. of 50% acetic 
acid to 100 c.(;. of 5% sodium acetate. 

4. A 4% sodium thiosulphate solution. 

5. Fresli 0-5% solution of the sodium salt of ^-najihtlio- 
ijuinonesulphonic acid. (Sec lllood Amino-acid Nitrogen, 
p. 859.) 

Method.— Th«, ammonia is first removed from the urine by 
means of pennutit powder. Dilute 10 e.c. of urine to a volume 
of 25 c.c. in a 50 c.c. Erlcnmcyer flask. Add 2 to 8 g. ot 
permutit powder, shake for live minutes. Decant into 
another 50 c.c. flask and again add 2 to 8 g. of permutit 



384 BLOOD AND VRINE ANALYSIS 


powder. Slmke again for five minutes. Slight turbidity does 
^iol interfere with the determination. 

Into iour 25 c.e. grad\iated test tubes place — 

Five e.c. of the NII3 free, diluted urine and 1, 2 and 8 c*c. 
respectively of the glycine standard solution, the latter being 

N 

the three standards. To tlic unknown 1 c.c. of — HCI is 

10 

added. Th(‘ special sodium carbonate solution is then added, 
1 e.e. 1() the unknown, and 1, 2, 3 c.e. to the standards* 
Dilute the c*ontents of the four tubes to a volume of 10 c.c.» 

Dissolve* 250 njg. of the jS-naphthoquinone salt in 50 c.c. 
of water, and add 5 e.e. of this solution to each standard and 
to tlu* unknown. 

Mix and stand in the dark overnight. Add 1 c.c. of acetic 
acid acetate solution and 5 e.c. of 1% Na^S^Og solution to 
all the tubes. Dilute to 25 c.e. 

Calculation. --L(*t the colorimetric readitig of the unknown 

20 

be H. Compare with the standard at 20. Then ~ X 

strength of standard used = milligrams of amiuo-acid nitro- 
g(‘U in 10 c.e. urine, aiul, imilliplied by 10 again, gives the 
content in milligrams per 100 e.c. 

Estimation of PiiospnATKS 

Solutions. - 1. Standard monopotassium phosphate. 
0*351 g. KII.^PO^ per litre. 

2. Molybdic acid solution. 2*5% ammonium molybdate in 

5N.H,S04. 

3. 0*1% aminonaphtliolsulphonic acid. 0*5 g. of this is 
dissolved in 500 e.e. of 5% sodium bisulphite to which has 
been added 5 c.c. of 20% sodium sulphite. If well stoppered 
this solution keeps for several weeks. 

Method. — One c.c. of urine is measured into a 100 c.c* 
flask, and 5 c.c. of the standard phosphate solution tmns- 
ferred into anotlier 100 c.c. flask. Dilute each to about 
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TO o.c. and add 10 c.c. of the molybdic aci(i solution, follow^l 
by 10 c.c. of the 0*1% aminonaphtholsulphonic acid solution. 
Mix after each addition. Make up to the mark and read in 
the colorimeter after standing four or live minutes. 

Oalctllaiion. — Five, divided by the colorimetric reading, 
gives the phosphate content in milligrjims per c.(‘. of urine. 
This must be multiplied by 100 to give the answer in milli- 
grams per 100 c.c. 


CONCLUSIONS 

Tuk ValI’K f)F Blood Ax^^fsis 

The special importance of each blood coiMtituent lias been 
considered in the earlier chapters of this b<|ok, but in order 
to indicate the general value of the detern|inations a short 
summary Vill be included liere. ^ 

Nitrogen Distribution. — By means of the Folin and Wu 
sy^jteni it is possible to obtain a fairly acc*urate idea of the 
distribution of nitrogen throughout the blood iiltrate, /.e., 
the non -protein nitrogen can be divided up between the 
^,urea, uric acid, amino-acids, creatinin and similar bodies. If 
all the well-known non-protein nitrogenous bodies be esti- 
mated, and their nitrogen content worked out, it would be 
expected that the sum of these figures would approximate 
to tlie non-protein nitrogen value. This, liowever, is not so, 
and there is a relatively large })Hrt of the non-protein nitrogen 
of unknown constitution, Wlicre there is impairment of 
renal function, the nitrogenous bodies accumulate in tlie 
blood, and this unknown fraction of the non-protein nitrogen 
is also increased. In order to obtain some idea of the varia- 
tions in this unknown fraction, the French subtract the urea 
nitrogen from th% non-protein nitrogen, and ttie value thus 
obtained is called the “ non-urea nitrogen ” or the ‘ UTwmic 
Moiety*^^ As has been indicated in Chapter II., all the nitro- 
genous bodies form useful indices of the extent of renal 
damage. The blood uric acid content is raised in gout and in 
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a large percentage of cases with eczema (Schambetg and 
lirown (19) ). Although r^nal lesions are by far the com- 
monest cause of nitrogen retention, it has been conclusively 
proved that acute abdominal conditions, such as appen- 
dicitis, intestinal and pyloric obstruction, may be attended 
with a raised blood urea content. 

As dc Wesselow (6) emphasises, reliance may be placed 
in the interpretation of blood figures if the percentage of urea 
in the urine be estimated simultaneously. This will be 
diminished in renal disease, but unaltered in acute abdominal > 
(*onditions. The estimation of amino-acid nitrogen has been 
advocated in eclampsia and various hepatic lesions. We do 
not yet ])ossess enough knowledge of the normal variations 
in this blood constituent, and consequently it is impossible 
for diagnostic purposes to place any reliance on such 
alterations. 

Sugar. — The blood sugar is of the utmost importance in 
the diagnosis and treatment of cases ol diabetes. (See 
Chapter III.) 

Chlorides. — Chloride retention occurs in certain eases of 
nephritis, and in anaemias. In pneumonia, where tliere is a 
diminished excretion of chloride in the urine, there is also a 
decrease in the blood chloride content. 

Cholesterol. — The normal cholesterol content of the blood 
is variously given by different authorities, but that usually 
accepted is about 100 to 150 mg. per 100 c.c. The cholesterol 
content is increased in the following conditions ; Arterio- 
sclerosis, nephritis, nephrosis, diabetes, obstructive jaundice 
and cholelithiasis, certain skin diseases, tlie early stages of 
malignant disease and in pregnancy. The estimation of 
blood cholesterol is of the greatest value in cases of parenchy- 
matous nephritis, as pointed out by Epstein In the lipaemia 
of diabetes mellitus, the cholesterol content may rise to 600- 
800 mg. per 100 c.c. In very extreme cases figures of over 
1,410 mg. per 100 c.c. have been recorded. When gall-stones 
are present there is usually hypercholesterolflemia. Camp- 
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bell (20) suggests that this is only present if there be accorji- 
panying obstructive jaundice, and that the determination 
of blood cholesterol is of no value in the diagnosis of gall- 
stones. Hypereholesteroljemia has been described in the 
early stages of malignant disease, and is well known in preg- 
nancy. The cholesterol content of the blood is reduced in 
the anjcmias, and it has been thouglit that tlicse conditions 
are benefited by the administration of cl^lesteroL A series 
of excellent reviews on the value of bloodff estima- 

te tions have been published by Gorhat^ and Myers (21), 
Grigaut (22), Cliauffard, Laroche and Gi|g|ut (23). 

Phosphates. — The phospliate c‘ontertt| ^f the serum is 
increased in azotaemie nephritis from a noimal of about 3 mg. 
to 20--3() mg. per 100 c.c. De Wesselotv^ flays great stress 
upon this point, and his work has alreadylbeen referred to. 
hi ricketS the phosphate content is usual^ decreased. 

Calcium. — Estimation of oaleiuiu has developed of late 
>Cjars into an extremely important factor in blood analysis. 
The normal figures are said to be between 9 and 11 mg. per 
100 c.c. The calcium is not all present in ordinary solution, 
j since it has been conclusively proved that 80 to 40% is 
indiffusible, and may be in combination with some consti- 
tuent such as the proteins. The content is usually decreased 
towards the end of pregnancy. De Wesselow showed that 
a reduction of the calcium content occurred in azota^mic 
nephritis, and that as the inorganic phosphate content rose 
so the calcium decreased. Figures as low as 5 to 6 mg. 
per 100 c.c. were obtained. In tetany the calcium content 
is decreased, and it is stated that administration of para- 
thyroid extract by the mouth is capable of raising the 
calcium content in certain idiopathic cases (Vines) (24). 
In rickets the *»calcium is often unaffected, whilst the 
phosphate content is reduced. It is possible, however, to 
produce experimental rickets in animals associated with a 
very^low calcium content. Schwarz and Levin (25) have 
recorded a low blood calcium content in acne vulgaris, eczema. 
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gunmiatosis and folliculitis. Mark ( 26 ) found considerably 
increased blood calcium figures in a series of cases of arthritis 
deformans. The calcium content is also said to be increased 
in otosclerosis. 
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AbBCesS) pulmonary, localified, arti- 
ficial pneumothorax in, 204 
Acetone bodies in urine, tests for, 
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estimation of 63 
Aohiorhydtia, 103, 105 
Aeholttric jaundice, fragility of red 

* blood corpusoles in, 330 
Acid-base equilibrium system of the 

blood, 61 
Acidosis, 6^ 61 

and ketosis, physiology of neu- 
trality regulation in, 67 
relatiqnship between, 57 

* alveolar carbon dioxide tension 

in, determination of, 
automatic method, 74 
^ Friderieia’s method, 73 

Haldane's method, 71 
in conditions apart from diabetes, 
investigation of, 8 
in diabetes mellitiis, 67 
investigation of, methods of, 65 
Sellard’s test in, 65 
table for ealoulation of 

billing power for plasma, 70 
Van Slyke’s test in, 66 
Adams-Stokes attacks, treatment of 
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by atropine-sulphate, 267 
Adrenal insuffieieney, 212 

white line of fiergent in, 213 
Adrenalin in Adams -Stokes attacks, 
267, 268 
in syncope, 269 

intracardiac injection of, efifeet of, 
260 

technique of, 269 
•subcutaneous i:|jection of, 210, 
258 

After-treatment in diabetes, 92 
Agelatinin litre, 310 
Air, alveolar, carbon dioxide tension 
^ in, terts for, 71, 73, 74 
^oet of gastric and pancreatic 
secretion on, 64 


Albarran*! pwi vocative polyuria test 
of renal lection, 26 
Albumin globulin in oerebro- 

spinaj||[uid, tests for, 321 
in uriiM^tcsis for, 14 
Albuminb , functional, 16, 32 
of nepl 16 

of preg by, classification of, 32 
Alimenta iyoosuria, 43 
Alkali 1 estimation of, 66 

Alkaline uj^rfary tide, 62 
Alkalosis, 6l| 62 

Allen’s starVdtion treatment of dia- 
betes, 76 i 

Alveolar carbon dioxide tension, 
determination of, 71 
Ambard’s co*efficient, in renal func- 
tion tests, 26 

Amino-acid nitrogen in blood, esti- 
mation of, 358 
in urine, estimation of, 383 
Ammonia co-eflicient, 63 
in urine, estimation of, 378 
Amyloid disease, urinary casts in, 17 
Anmmia, ]:H*rnicious, van den Bergh 
128 ’ 

pHcudo-leukaemia infantum, fra- 
gility of red blood corpuseJes 
in, 331 

size of erythrocytes in, estimation 
of, 340 

splenic, fragility of red blood 
corpuscles in, 331 
Anaesthetics in diabetes, 99 
Antitoxin in treatment of diphtheria, 
298 

Arteries, changes in, effect on deter- 
mination of blood pressure, 241 
Artificial pneumothorax, 26l See 
also under Pneumothorax* 

Asthma, cutaneous protein tests in, 
288 

desensitisation in, 290 
by autogenous vaccines, 291 
by food in pill form, 291 
by non-specific vaccines, 291 
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Asthma* desensitisation in* by pop* 
<r tone, 291 

by serum peptone, 292 
haemoclasic (crisis in, 139 
proteins for, varieties of, 288 
special tests in, value of, 6 
varieties of, 286 

Atropine sulphate in Adams -Stokes 
attacks, 257 

Auld, peptone treatment of asthma, 
29 J, 292 

Auricular hbrillation, 225. 237 
flutter, 224, 225, 236, 237 
promaturt' systoles, 222, 223 
Automatic method for determination 
of alveolar carbon dioxide tension 
in acidosis, 74 

Autonomic nervous system, bulbar, 
204 

mid -brain, 204 
sacral, 205 
structure of, 204 
sympathetic, 205 

Autonomine, 206 

Baker and Dodds, pathology of 
blood transfusion, 334 
Basal metabolism, 178. Set also 
under Metabolism, 
requirement diet, calculation of, 86 
Bence-jTones’ theories upon the 
alkaline tide, 62 

Benedict’s test for sugar in urine, 47, 
51 

Bensidine reaction in detection of 
bloo<l,in fflBces, 166 
Benzoic acid, administration of, in 
renal function test, 27 
Bial’s test for pentose in urine, 48 
Bile pigments, Fouchet’s tost for, 121 
Gmelin’s test for, 121 
iodine test for, 121 
metabolism of, 120 
Van den Bergh test for, 123 
salts, Hay’s test for, 122 
Bilirubin, formation of, 120 
in fajees, Gmehn’s tost for, 122 
Biliverdin, formation of, 120 
Bismuth in diagnosis of lung 
diseases, 279 

Blood, acid- base equilibrium sj^tem 
of, 61 

alkali reserve in, estimation of, 
apparatus for, 67 
amino-acid nitrogen in, estimation 
of, 368 


Blood, analysis of, as test of renal 
function, 18 

colorimetric methods, 346, 349 
conclusions, 385 
Folin and Wu’s methods, 347 — 
363 

history of, 344 
in cholera, 344 
normal, results, 19 
protein -free filtrate, prepara* 
tion of, 349 

failures in preparation of, 
351 

uric acid content of, in gout, 
344 I 

value of, 386 

volumetri(5 methods, 346 , 

and urine, altered physiological 
balance between, tests of 
renal function depending on, 
18 

ndative concentration of sub- 
stances in, in renal efficiency 
tests, 24 ^ • 

and urine analysis, 344 
bile pigment in, Fouchet's reac- 
tion fur, 121 • 

calcium in, estimation of, 376 
in pregnancy, 387 
in various diseases, 387 
casts in urine, 17 

•t'-ells, red, stt Krythrocytes, < 

chlorides in, estimation of, 362 
Blood, as teat of renal function, 21 
chemical examination of, in renal 
disorders, clinical value of, 5 
cholesterol content, estimation 
of, Myers and WardelFs 
method, 364 
in disease, 386 

as test of renal function, 

21 

coagulation time of, in liver dis- 
orders, 133 

collection of, capillary puncture, 
344 

instruments for, sterilisation of, 
344 

methods fo/, 344 
technique for, 345 
vein puncture, 344 
corpuscles, red, fragility of, estima- 
tion of, 330 
flndini^s, 330 ^ 

creatinin in, estimation of, 386 
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Blood diBeases of, clinical inyesti/ 3 ;a> 
tion of, 10 

examination of, in glycosuria, 
55 

examinations of, special, 330 
fibrinogen content of, in liver dis- 
orders, 133 
determination of, 134 
grouping of, 332 
Jansky^s classification, 332 
method of, 332 
Moss’s classification, 332 
grouping of, in transjfusion, im- 
portance of, 333, 335 
» hydrogen ion eoru^cntration of, 
under physiological conditions, 
* 60 

in fasces, 152, 166 
detection of, 166 
in gastric cc,^tents, test for, 152 
intrinsic buffering propertit;s of, 
61 

in urine, identification of by 
*guaiacum test, 17 
lipase, estimation of, in liver dis- 
orders, 135 

nitrogen distribution in, 385 
non-protein nitrogen, estimation 
of, 351, 36!) 
normal analysis of, 19 
phosphate, estimation of, 364 
# content of, as a test of renal 
function, 21 

pressure, determination of, 240 
ausculatory methods, 244 
by Erlanger’s apparatus, 248 
by Pachon’s oscillom(‘ter, 247 
clinical value of, 10 
oscillatory methods, 247 
palpatory methods, 242 
vibratory methods, 244 
diastolic, determination of, 243, 
244, 246, 248 
in hyperthyroidism, 208 
in lesions of pituitary. 215 
normal, phases of, 246 i 

systolic, determination of, 242, | 
, 244, 248 ! 

variations of, witn age, 249 

BoUeston’s rule in, 249 
reaction of, metabolic functions 
and, 62 

ren^l factor in, 62 
res^ration and, 63 
retention of chlorides in, 386 


Blood sugar, estimation of, 362 

Folin and Wu’s method i 
362, 

MacLcan’s method, 371 
hndings in various conditions, 
5(> 

importance of, in combined 
insulin and starvation treat- 
ment, 89 

micro-estimation of, Hagedorn's 
met hod, 374 

normal, and in diabetes and 
. glycrjjSH^a. 56 

t{)leranof.in glycosuria, 43, 56, 

/in 

in lesa^gini^ of pituitary, 21 5 
tuixs Fo%’K 363 
suHjM'nsion^f^hilit y of, 335 
transfusion^ Important^e of com- 
patibilityi 333 
urea. csiimatiDn t)f, 352 

Marsh^dlJ Van Slyke and 
(Hillen,,’ and Mac Lean’s 

mcthoct 

appafatus for, 368 
uric acid, ostiination of, 356 
Body length and body weight, rela- 
tionship between, 88 
surface chart, 189 
weight, “ predicted,” basal meta- 
bolism in, 87 
Boiling test of urine, 14 
Bourne’s intranasal method for 
continuous administration of oxy- 
gen, 257 ^ 

Branch bundle block, 231, 232 
Bronchi, injection of lipiodol into, 
279 

Bronchiectasis and tuberculosis 
diagnosis between by lipiodol, 
281 

Bronchiectasis, artiheial pnciimo- 
tborax in, 264 

lipiodol, in diagnosis of, 281 
injection in, value of, 281 
Burrell’s aspirator, 276 
Calcium in blood, 387 
in senim, estimation, (3ark and 
Collips’ method, 376, 378 
hi serum, estimation, Kramer and 
TisclaJl’s method, 376 
Calorimetric method of determina- 
tion of basal moialxdism, 1 80 
Cammidge’s methods of estimation 
of fat in ffiBces, 107 
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Caiai&idge’s reactimi in diagnoaia of 
• pancreatic diaordera, 110 
Capillary puncture, collection of 
blood by, 344, 346 
Carbohydrate metabolism, be^iring of 
internal secretions on, 38 
deranged, effects of, 64 
effect of insulin on, 40 
factors influencing, 41 
outlines of, 37 

Carcinoma, gastric, examination of 
resting gastric juice in, 161, 
164 

Cardio-vascular diseases, clinical in- 
vestigation of, 9 

Carriers of diphtheria, treatment of, 
297 

Casts, blood, in urine in hflemorrhage 
of kidney, 17 

epithelial, in urine in acute ne- 
phritis, 16 

fatty and waxy, in urine, in 
chronic kidney disease, 17 
granular, in urine in chronic 
nephritis, 16 

hyaline, in urine, in nephritic con- 
ditions, 16 

pus, in urine, in kidney suppura- 
tion, 17 

Cat unit of digitalis, 260 
Gerehro-spiual fluid, chlorides in, 324 
estimation of protein in a very 
albuminous fluid, 322 
examination of, clinical value 
. of, 10, 316 

, conclusions on, 325 
cytological, 326 
globulin and albumin tests in, 

321 

Lange’s colloidal gold reaction 
in, 316 

findings of, 320 
Noguchi butyric acid test for 
globulin in, 321 
Nonne-Apelt globulin test in, 

322 

Pandy method for ghjbulin 
increase in, 321 
table showing composition in 
various conditions, 327 
normal, composition of, 323, 
327 

quantitative chemical analysis 
of, 323 
sugar in, 324 


Cerebro-sjdnal fluid, urea and non- 
protein nitrogen content of, in 
urfiemia, 324 

Chest, obscure diseases of, value of 
special methods of investigation, 7 
Chlorides in blood, estimation of, 
362 

in cerobro-spinal fluid, 324 
in gastric contents, 163 
Cholecystitis, chronic, clinical in- 
vestigation of, 14 
Cholecystography, 140 
in tests of liver function, 140 
interpretation of shadows, 143 
intravenous injection in, 140 
oral administration in^ 141 
results of, 143 
technique of, 140 — 144 
Cholesterol content of blood, 

estimation off by Myers and 
Warden’s method, 364 
in various diKeaKes, 386 


Clark and Collip's method of estima- 
tion of calcium in serum, 376 
Coagulation time of blood, in liver 
disorders, 133 

Cohen and Dodds’ colorimetric 
method for diastase test, 1 13 
Collip. See aUo Clark. 

CoUip’s method of prox^aring insulin, 


39 

Colloidal gold reaction (Lange), 316 
Colorimeter, desiu’iption of, 347 
diagram of, 348 
Dubosq pattern, 347 
Klett No her x^attem, 347 
use of, in blood analysis, 347 
Colorimetric method for determina- 
tion of flbrint>gen content of 
blood in liver disorders, 134 
methods of blood analysis, 347 
methods of urinary analysis, 378 
Coma, diabetic, treatment of, 99 
hypogly( 3 a*riQic, treatment of, 100 
Conjunctiva, x>rotein test in, in hay 
fever, 287 

Oreatinin in l^ood, estimation of, 368 
in urine, estimation of, 382 
Cushing*s thermic redaction, in lesions 
of pituitary, 216 

Cnshny’s theory of renal secretion, 
62 , 
Cutaneous protein tests and desen* 
sitisation, 286 
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CantaneottS protein tests in asthma, 
288 

reaction folJovring, 289 
table of results, 289 
technique for, 289 
in hay fever, 287 
technique for, 287 
in urticaria, 290 

Cytologioal examination of cerebro- 
spinal fluid, 325 

Desensitisation in asthma and 
urticaria, 290 

de Wesselow’s method of estimation 
of phosphate content of plasma, 
f364 

Dextrocardia, congenital, electro- 
cardiograph in, 232 
Diabetes insipidus, pituitrin in, 215 
Diabetes mellitos, 37 
acidosis in, 
after-treatment ifi, 92 
exercise and insulin, 94 
insulin sjy’inge in, 93 
•supply oAnsulin, 93 
symptoms of hypoglycajmia, 94 
variations in diet in, 95- ~98 
aflaosthetics in, 99 
basal metabolism in, 88 
basal re<iuircment diet, 80 
coma in, treatment of, 99 
hypoglycjcmia in, (‘arly symp- 
toms of, 1 01 
intarvin in, 87 
ketosis in, 57 
treatment of, 75 
by insulin, 75, 70, 85 
and starvation combined, 
89 

without bl(K)d HXigar esti- 
mations, 89 
by starvation, 75, 77 
graduated diets in, 78 — 85 
Diabetic ptqfire, 46 
urine, tests on, 40 — 65 
Diastas^ 105 

test in diagnosis of pancreatic 
disorders. 111 
» of renal diseipos, 35 
Didk test, 301 

duration of immunity following, 
306 

immunisation dosage for dif- 
^rent ages, 306 
^ reaction of, 303 
tec hnique of, 303 


Dick test, value of, 304 

See alffo umkr Scarlet fever. « 
Diet* variations in, in after-treat- 
ment of diabetes, 95 — 98 
Diets, graduated, in treatment of 
diabetes, 78 — 85 
in gastric ulcer, 168 — 175 
Digestive disorders, clinical investi- 
gation of, 2 

Digitalin, granules of, Nativelle’s, 253 
Digitalis, eat Waits of, 250 
in treatmei^l^ of heart dease, 249 
P^gglespn’s methods, 250 
iufijci ‘ hs for discontinuance 
of,v; 

tincture jS: jPgglestonV formula 
for di a|i|X25l 

Diphtheria, ejmers of, treatment of, 
297 

immunisatikuiin, a(;tive, 299 
passive, $91 
“ prophyladt^ 299 
suHceptibilitvHo, Schick test for, 
294 ^. 

reaefiojos of, 295 
value of, 296 

toxin for Sohick reaction, 294 
Dodds and Oohen colorimetric 
method for diastase test, 113 
and Dicken’s method of preparing 
insulin, 39 

nuKlification of Wohlgemuth’s 
cliastaso test in diagnosis of 
pancreatic disorders, 1 12 
Douglas bag in determinaticpi of 
basal metabolism, 182 
anal}>^is of spesumen from 
bag, 185 

calculation of, 187 
Dreyer’s macroscopic method of 
determining Widal’s reaction, 
309, 

Drugs, response to, in diagnosis of 
vagotonia and syinpaiheticotonia, 
207 

Dubosq colorimeter, 347 
Ductless glands, diseases of, clinical 
investigation of, 8 
value of special tests in diagnosis 
of, 8, 9 

Duodenal contents, investigation of, 
as test of liver function, 144 
Duodenum* ulcer of, chronic, treat- 
ment of, medical, 175 
diagnosis of, by X-rays, 167 
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Duodenum, uloer of, chronic, 
■ hajmatemesis due to, medical 

treatment of, 168 
not complicated by huemorrhage, 
treatment of, medical, 
170 

Lenhartz method, 170 
Sippy method, 173 
treatment of, 167 
surgical, indications for, 175 
Dysentery, bacillaiy, agglutinating 
power of serum in, 313 
Eclampsia, 33 

liver function tests in, 33, 146 
Eggleston’s formula for dosage of 
tincture of digitalis, 261 
method in administration of 
digitalis, 260 

Ehrlich’s aldehyde reaction for 
urobilin and urobilinogen, 121 
azo reaction, 126 
diazo reaction, 309 
Einthoven’s galvanometer, 227 
Electrocardiogram, deflections of, 
alterations in form of, signi- 
ficance of, 230 

in Graves* disease, value of, 240 
interpretation of tracing of, 
absence of P.K.T. com- 
plex, 232 

prolongation of Q.R.S. com- 
plex, 231 
the P wave, 230 
the R wave, 230 
, the S wave, 231 
the T wave, 231 
normal, interpretation of, 229 
of auricular fibrillation, 237 
flutter, 237 

premature systole, 233 
of branch-bundle block (left), 231 
(right), 232 

of heart-<block, 235, 236 

bundle-branch block, 235 
complete, 235 
intraventricular block, 235 
occasional dropped beats, 235 
sino -auricular block (tor- 
toise heart), 235 
slight, 235 

of nodal premature systole, 234 
rhythm, 236 
of normal rhythm, 229 
of simple paroxysmal tachycardia, 
238 


Electrocardiogram, of sino-aurioular 
block, 233 

of ventricular premature systole 
(left), 234 
(right), 235 
time relations in, 229 
Electrocardiograph, circuit of, dia- 
gram of, 228 
compensator of, 227 
description of, 227 
evolution of, 227 
leads of, 229 
practical value of, 239 
simple electrodes of, 227 
standardiser of, 227 ♦ 

Emphysema, surgical, in artificial 
pneumothorax, 273 « 

Empyema, interlobar, artificial 
pneumothorax in, 264 
pneumococcal, gas replacement 
in, 275 

value of gas replacement in, 275 
Endocrine glycosuria^44 
system, some disomers of, 204 
Enterica infections, diagnosis of, 

308 

Khrlich’s diazo reactioft in, 

309 ^ 
intra-cutaneous test in, 314 
Marris’ atropine teat in, 308 

value of, 309 

Widal reaction in, 309 t 
recovery of causative organism 
from blood, in diagnosis 
of, 308 

from fseces, in diagnosis 
of, 308 

from urine, in diagnosis 
of, 308 

Epilepsy, hsemoclasic crisis in, 136 
Epithelial casts in urine, 16 
Erlanger apparatus, in determina- 
tion of blood pressure, 248 
Erythrocytes, estimation of size of, 
in aneemias, 340 
sedimentation, rate of, 336 

determination of by Fahra^us’ 
m^hod, 335 „ 

by jUnzemeier’s method, 
336 

by Westergren’s method, 
336 

by Zeokwer and QoodeH’s 
method, 337 
value of test for, 339 
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Eirythrocyies, sedimentation, rate of, 
in acute inflammatory pro- 
cessesi excluding tubercu- 
losis, 338 

in malignant tumours, 338 
in pregnancy, 338 
in tuberculosis, 338 
Katz formula in, 337 
nature of the reaction, 338 
normal, 338 

Ewald’s method of investigation of 
gastric function, 151 
test meal, 151 
object of, 153 
Iteercuie, insulin and, 94 
Bye, examination of, in lesions of 
pituitary, 214 

Faeces, bile derivatives in, in cases of 
obstruction, 129 

bilirubin in^ Omelin’s test for, 
122 

blood in, detection of, 152, 150 
by Ix'nzidine reaction, 106 
«• by guaifecum test, 107 
fat in, 107 

estimation of by (>aimnidgc’s 
methods, 107 

occult blood in examination 
* for, 3 

Schmidt’s test for hydrobilirubin 
in, 122 

c tests for bile pigments and their 
derivatives in, 122 
Fahradus’ method for testing sedi- 
mentation rate of erytlirof'ytes, 
335 

Fat digestion, inefficient, teat for, 
107 

in fajces, estimation of, 107 
Fatty and waxy casta in urine, 17 
Fehling’s quantitative method of 
estimation of sugar in urine, 
52 

test, for sugar in urine, 46 
Fibrillation, auricular, 225, 237 
ventricular, 238 

Fibrinogen content of blood in liver 
^ disorder^ 133 

colorimetrW method for 
determination of, 1 34 
Fields of vision, determination of, in 
pituitary lesions, 214 
Filtrato* protein-free, preparation of, 
Folin^nd Wu’s method, 349 
F olin’s blood sugar tube, 363 


FoUn’s blood urea distillation 
apparatus, 354 ^ 

Folin and Wu, methwl of blood 
analysis, 347 — 363 
estimation of amino-acid nitrogen, 
358 

blood chlorides, 302 
blood sugar, 3()2 
blood urea, $52 
creatinin, 358 
non-protein nitrogen, 351 
uric acid^ ^50 

method o|.‘ quantitative chemi- 
cal anamis of cerebro -spinal 
fluid, 32^ ' ; 

preparatibl^: iof protein -free fil- 
trat<i ^9 
failurcqt lf) ^^1 

Food, commok articles of, (‘oiwtitu- 
tion of, table bf, 78 

Fouchet’s reafbl|on, in investigation 
of pigmentd.rf functions of liver, 
121 I 

Fractional test iical, 156 
utility of, 2, 165 

Fragility i)f r<'d blood crfrpuscles, 
estimation of, 330 

Fridericia’s method of determination 
of alveolar carbon dioxide tension, 
73 

Galactose tolerance test, 131 

in investigation of metabolic 
function of liver, 131 

Gas embolus, in artiflcial pneumo- 
thorax, 273 ^ 

replacement of pleural effusions, 
274 

Gasometric methods for detorraina- 
tion of basal metabolism, 180 

Gastric analysis, interpretation of 
curves, factors influeiieing, 100 
contents, composition of, after 
Ewald’s test meal, 151 
qualitative analysis of, 
161 

quantitative analysis of, 
153 

test for blood in, 152 
free HCl in, 152 
lactic acid in, 152 
type and distribution of acids 
in, 153 

Gastric function, investigation of, 
150 

Ewald’s method, 151 
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Oastrio function, investigation of, 
p factors controlling com< 

position of gastric contents 
after administration of 
test meal, 150 
fractional method in, 156 
interpretation of c-urves in, 
100—104 

Rehfuss method in, 156 
test meals in, 150 
oonolusions regarding, 163 
X-ray examination in, after 
opaque meal, 167 

General paralysis, composition of 
ctwebro-spinal fluid in, 326 
Gerhardt’s test, for aceto-acetic 
acid in urine, 49 

Globulin and albumin in cerebro- 
spinal fluid, tests for, 321 
in urine, tests for, 15 
ratio, significance of, 15 
Glycolysis in blood, pnwention of, 
346 

Glycosuria, 37 

alimentary, 43 
blood examination in, 55 
endocrine, 44 
hepatic, 43 

nervous influences in, 46 
pancreatic, 44 
renal, treatment of, 44 
sugar tolerance test in, 55 
“ lag ” curve in, 56 
suspected, chemical examination 
, in diagnosis of, 46 
examination of urine, tests for 
acetone bodies, 49 
tests for sugar, qualitative, 
46 

quantitative, 51 
polari metric, 52 
Glycuronic acid reaction, 132 
Gmelin’s test for bile pigments, 121 
bilirubin in faeces, 122 
Goetsoh intradermic adrenalin test, 
212 

test for hyperthyroidism, 209 
Gout, examination of blood in, 8 
uric acid content of blood in, 344 
Granular casts in urine, 16 
Graves* disease, electrocardiograph 
in, 193, 240 

Guaiaenm test for detection of blood 
in faeces, 167 
blood in urine, 17 


Gfinaberg’s reagent, 152 
Hsematemesis* due to duodenal ulcer, 
treatment of, 168 
due to gastric ulcer, treatment of, 
168 

Hesmoolasic crisis, in disorders of 
Uver, 135 

Haamoptysis, pneumothorax in, 263, 
264 

Hagedorn’s method of micto-estima- 
tion of blood sugar, 374 ‘ 

Haldane gas analysis apparatus in 
determination of basal metor 
bolism, 183 

method of determination of alve®- 
lar carbon dioxide tension, 71 
Hay fever, cutaneous protein U‘St* in, 
287 

prophylactic inoculation in, 287 
spc^cial tests in, I’^aluo of, 6 
Hay’s test for bile salts, 122 * 

Heart, diseases of, treatment of, 249 
irrcgulariti(*8 of, 217 
auricular fibrillafion, 225, €20, 
237 239 

flutter, 224, 226, 236, 239 
clinical investigation of, 9 » 
electrocardiograph in, 227 
heart-block, 223, 231, 236 
nodal rhythm, 236 
paroxysmal tachycardia, 2 26, 238 
practical value of, polygraph 
and electrocardiograph in, 239 
premature systoles, 222, 233 
pulsus alternaus, 226, 239, 242, 
243, 244 

sinus arrhythmia, 221, 233 
treatment of, by adrenalin, 
267, 258, 269 
by atropine sulphate, 257 
by continuous administra- 
tion of oxygen, 267 
by digitalin, 253 
by digitalis, 249 
by quinidine, 263 
by strophanthus, 263 
ventricular fibrillation, 238 
Heart-block, 2^3, 231, 235 
branch- buirale, 231 
intra-vcntrioular, 232 
sino-auricular, 232, 233, 235 
Hepatic function, investigation of 
119. See (Um Liver, 
disorders, clinical inveetigation, 
of. 4 
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Hepatie glycosuria, 43 
Hyaline casts in urine, 16 
Hydrobilirnbin in faeces, Schmidt’s 
test for, 122 

Hydroiren ion concentration, and 
colour changes of principal 
indicators, 59, 60 
definite, at absolute neu- 
trality, 67 
Sea also pH. 

Hyperglycasmiak 37 
sepsis often associated with, 77 
Hyperpituitarism, some tests for, 21 5 
Hyperthyroidism, basal metabolism 
t in. Read’s formula for calcula- 
tion of, 208 

Goetsch test for, 9, 200 
value of, 211 

increased pulse pressure in, 242 
Hypoglycsemia, carbohydrates and 
drugs for ‘relief of, 40 
danger of, in use of insulin without 
blood sugar esiimationH, 91 
early symifo'oms of, 1 01 
in combined insulin and starva- 
tion treatment, 89 
prophylaxis of, 102 
symptoms of, in al'tor-lroiitment 
in diabetes, 94 
treatment of, 101 

Hypopituitarism, basal metabolism 
^ in, 194 

some tests for, 215 
Hypothyroidism, basal metabolism 
in, 194 

Immunity in diphtheria, 298 
in scarlet fever, 305 
Indican reaction, 133 
Indicators, prin(‘ipal, colour change's 
and pH of, 59 j 

Indigestion, clmi<!a] investigation | 
of, 2 I 

Indigo carmine tost of renal function, 
29 

Infectious diseases, clinical investi- 
gation of, 11 

Inflammatory processes, acute, ex- i 
eluding tuberculosis, sedimenta- \ 
tidn rate of erythre^^i^es in, 338 j 
Xusuliu, action of, 40 j 

and exercise, 94 

starvation combined in treat- 
ment of diabetes, 89 
* liability to produce li3Tpo- 
glyceemia, 89 


Insulin, supply of, in after-treatment 
of diabetes, 93 
syringe, 93 

Coilip's method of preparing, 
39 

Dodds and Dickens’ method, 39 
in diab('tes moUitus, 75, 76, 77, 
85--^92 

during starvation x>enod, 75 
me't hods of prt'panition of, 39 
use of witlhout blood sugar esti- 
mation^, 89 

Sec also uapBr Diabetes. 

Intarvin, conj^^ition of, 87 
in diabet^^dhtiis, 87 
Internal seorftmus, bearing of, upc»n 
carbohyd|*i^ mclabolisra, 38 
Intravenous Imjcctiou in chole- 
c^bt<)graphi,fl4(> 

Invertases, 1^1 

Iodine, idjosyiwrasy to, in lipiodol 
injection, |84 
test tor bile i|gmcnt.«, 121 
Jacquet pulygr«bh, 218 
10(4 hod of i&se of, 219 
Jansky’s clahsification of blood 
groups, 332 

Jaundice, dissociated, 128 
hapinolytic, 125 

modern and older views contrasted, 
123 

obstructive hepatic, 125 
toxic and infective hepati(’, 125 
Katz formula in sedimentation rate 
of er;ji hrocytes, 337 
Ketosis and acidosis, physiology of 
neutrality regulation’ in, 57 
relationship between, 57 
coma due to, 99 
in diabetes inellitus, 57 
inv«JHiigation of, metliods of, 65 
Kidney function, tests of, 13. See 
also Renal function, 
leak point of, 38, 44, 86, 92 
jweguancy, 32 

Kidneys, disease of, clinical investi- 
gation of, 6 
urinary casts in, 16, 1 7 
Klett Kober colorimeter, 347 
Kramer and Tisdall’s method of 
estimation of calcium in serum, 
376 

Kupffer cells, 124, 125 
Lactic acid in gastric contents, test 
for, 152 
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tfevulose tolerance tost in investiga- 
f tion of metabolic function of liver, 
131 

“ Lag curve in sugar tolerance 
test, 56 

Lange^s colloidal gold reaction, 
316 

and Wassermann reaction, 
comparison of, 326 
variations of, 317 
preparation of gold 
chloride solution, 317 
results expressed numeri- 
cally, 320 

Leak point of kidney, 38, 44, 86, 
92 

Lenhartz dietary in gastric and 
duodenal ulcer, 169, 172 
Lambert modification of, 171 
method of trtiatmont of acute 
gastric ulcer, 170 

Leube’s method of treatment of acut e 
gastric ulcer, 170 

Lillingston and Pearson’s apparatus 
for artificial pneumothorax, 
modified, 266 

in gas replacement of pleural 
effusion, 278 

in treatment of spontaneous 
pneumothorax, 273 
Linzemeier’s method for testing 
sedimentation rate of erythro- 
cyt/cs, 336 
Lipase, 105 

Lipioflol, composition of, 279 
in diagnosis of lung diseases, 278 
apparatus for, 282 
difficulties and complica- 
tions of, 283 
indications for, 280 

methods of injection, 279, 
280 

sites for injection of, 280 
technique of, 282 
value of, 281 

in tuberculosis, danger of, 286 
Liver, antitoxic powers of, glycuronic 
acid reaction in, 132 
indican reaction in, 133 
investigation of, 132 
Koger’s reaction in, 132 
disorders of, clinical investiga- 
tion of, 4 

cholecystography in, 140 
galactose tolerance test, 131 


Liver, excretion of, estimation of, by 
MacNeil’s method, 138 
function of, 1 19 

cholecystography in testing, 
140 

comparison of van den Bergh 
and Fouchet’s tests in, 128 
global capacity of, phenol- 
totrachlorphthalein test for, 
136 

haemopoietic, 133 
blood lipase estimation in, 
135 

coagulation time of blood in, 
133 « 

fibrinogen content of blood in, 
133 

ha^moclasic crisis in, 135 
Widal’s test in, 135 
investigation t>ff duodenal con- 
tents in, 144 

metabolic, galactose tolerance 
test in, 131 ^ 

lie villose tolerance test in, 
130 

nitrogen partition methods in, 
129 ' 

pigmentary, 120 ^ 

Ehrlich’s aldehyde reaction in, 
121 

Fouohet’s reaction in, 121 
Graelin’s test for bile pigr. 
ments in, 121 

Hay's test for bile salts in, 
122 

iodine t»est for bile pigments 
in, 121 

Schlesinger’s test for uro- 
bilin in, 121 

t<jstB for urobilin and lU’obili- 
nogen in, 121 

van den Bergh reaction in, 
123 

tests for, conclusions, 145 
in pregnancy, 33 

Lochelongue-Levinson method of 
estimation of protein in very 
albuminous^ cerebro-spinal ff uid, 
322 ® 

Looulation syndrome, composition of 
cerebro-spinal duid in, 10, 327 
Loewi’B tests, in diagnosis of pan- 
creatic disorders, 110 c 
Lung cavities, lipiodol in diagnosis 
of, 280 
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Lungs* dieeaBCB of, 203 

bismuth in diagnosis ofj 279 
li|>iodol in diagnosis of, 278 
X-ray appearance of, following 
lipiodol injections, 28 J 
X-ray appearanise of, before and 
after lipiodol injecitions, 281 
X-ray examination of by intro- 
duction of opaque substances, 

Lyon’s test, 144 
McKundriok’s test, 314 
Maefcensie's phlebograph, 217 
polygraph, 218 

BIackenzie»Lewi8 polygraph, 21 H 
MaoLean’s method of estimation of 
* blood sugar lumleni, 371 
method of estimation of blo<»d 
urea, 367 

non-j^otein nitrogen, 3Gvl 
table of constitution of common 
articles of food, 78 
urea (3on(ji'ntration test, 26 
lHacNeil’s method of judging excre- 
tion of liver, 1 38 

Manometer, importance of, in arti- 
’ticial pneumothorax, 272 
Matey sphygmograph, 217 
Marris’ atropine test, 3t8 
Marshall’s method of estimation of 
blood urea, 367 

Medical eases, tests of renal fiiuetioii 
in, 33 

Meningitis, meningococcal, eompoHi- 
tioii of cere bro -spinal tliiid in, 
327 

tuberculous, (‘ompositiun of cere- 
bro - spinal fluid in, 324, 
327 

Metabolic disorders, clinical investi- 
gation of, 7 

functions and reaction of the blood, 
62 

Metabolism, basal, after ligation of 
thyroid arteries, 269 
body surface cliari, 189 
determination of linal results, 
methods of, 191 
definition of, 178 
disorders of, clinical investiga- 
tion of, 7 
Dreyer^s table, 88 
ia hyprthyroidism, Read’s for- 
mula for calculation of, 
8 , ^8 


Metabolism, bapil, i i pituitary dis- 
turbances, 194,215 • 

in polyglandular insulficien<y, 
195 

in t hyroid disturbances, 193 
methods of determination of, 
179 

ealonflTK'trie, J80 
gasometric, 180 
closed, 181 
; !open, 182 

iritm^retation of results, 

normal imfeindards ft)r boys and 
gin^lilLble of, 200 
prepaffaiijwi of patient for, 
179 

I’clationi^l' act woen body length 
and bfaw weight, 88 
table fof reducing gaseous 
voluiUei to normal tempera- 
luro an|i pressure, 197 
table shoaling amount of oxygen 
absorb^ under basal con- 
ditions and at 0'^ (X and 760 
mm. pressure, in relation to 
height and weight, 198, 199 
tabl(^ showing percentage of 
oxygen equivalent to uit-ro- 
gen in expired air, 196 
table sht)wing temperature cor- 
rcofcioiis, 197 

tabic showijig tension of 
aqueous vapour, 196 
carbohydrate, factors influeneing, 
42 * 

outlines of, 37 
of bile pigments, 120 
Micro-estimation of blood sugar by 
llagedorn’s method, 374 
Mosenthal, renal test weal method of, 
27 

Moss’ classification of blood groups, 
333 

Mucin and pus in urine, testa for, 

17 

Myers and Wardell’s method of esti- 
mation of blood cholesterol con- 
tent, 364 

Nativelle’s granules of digitalin, 253 
Needles, pneumothorax, 265 
Nephritic toxsemia, 32 
Nephritis* azotasmic type, 19, 22 
chlorides in cerebro-spinal fluid 
in, 324 

26 
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N^hritis, parenehymalous, blood 

^ cholesterol estimation in, 21, 34 
phosphate content of blood in, 22, 
387 

relative value of blood urea and 
plasma phosphorus in, 22 
retention of nitrogen aiid salt in, 
21 , 22 , 31 

urinary casts in, i (i 
urine in, 22, 23 

Nervous influem es in glyoosurla, 4() 
symptoms of disorders of pan- 
creas, lib 

system, diseases of, clinical in- 
vestigation of, JO 
systems, autonomic and sympa- 
thetic, antagonistic action of, 
208 

Nessler’s s«)lution, 353 

Nitrogen amino-acid, in urine, esti- 
mation of, 383 
in blood, dist'iibutifm of, 385 
non-protein estimation of, Folin 
and Wu method, 351 
Marl^'au's method, 3(»9 
partition methods in investigation 
of metaboli<‘ fund ions of liver, 
129 

total, in urine, estimation of, 
379 

Nodal premature systoles, 222, 223, 
233, 234 
rhythm, 230 

Noguchi’s butyric acid test for glo- 
buliivin cere bro -spina I fluid, 321 

Non-colorimetric methods for estima- 
tion of blood sugar, Maeljean’s 
method, 371 

miero-estimation by Hagodorn’s 
method, 374 

methods for estimation of blood 
urea, 307 

of non-protein nitrogen, 369 

Nonne^Apelt globulin test in cerebro- 
spinal fluid, 322 

Non-protein nitrogen, estimation of, 
375, 309 

Non-urea nitrogen, method of o btain - 
ing, 385 

Obstetric eases, value of tests of 
renal function in, 30, 31 

Occult blood in stools, examinaticn 
for, 3, 152, 106 

Opaque meal, eomposition on, 
167 


Oral administration in oholecyato* 
graphy,, 141 

Oxygen, continuous administration 
of, by Bourne’s intranasal method, 
257 

in treatment of heart diseast*, 
257 

Pachon oscillometer, 247 
Pancreas, fimelion of, 104 

disordered, Cammidge’s reac- 
tion in, 110 

clinical investigation of, 3 
diastase test in, 111 

Wohlgemuth technique, 
Dodds’ modification of, ' 
J12 

effects of, 105 
evaluation of tests in, 116 
Loewi’s test in, 110 
rmrvoiis symptorrfi in, 110 
pressure symptoms in, 110 
test for iuoffieient fat diges- 
tion, J07 

test for inefficient proteiu 
digestion, 105 
])hysiology of, 104 
secret ions of, 105 
Pancreatic gly(*osuria, 44 
Pancreatitis, diastase test in. 111, 
110, 117 

Pandy method for estimation of glo- 
bulin increasi' in cere bro -spinal 
fluid, 321 

Paroxysmal tachycardia, 220, 238 
Patient, preparation of, for Iwsai 
metabolic determination, 179 
Paton’s method for estimation of 
albumin and globulin ratio in 
urine, 15 

Peptone, in desensitisation in 
asthma, 291 

oral administration of, in asthma, 
292 

treatment of asthma, 291 
Pernicious anssmia, size of red cells 
in, 340 

van den Bergb test in, 128 
pB determinaiion of, indicator 
method, 59 
of common fluids, 58 
Phenol sulphone phthalein te,st of 
rtmal function, 29 

Phenoltettachlorphthalein teij^t of 
global capacity of liver, 136 
Phlebograph, Mackenzie’s, 217 
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Phosphate content of plasma, esti- 
mation of, 364 

Phosphates in blood, renal function 
test, 21 

in urine, estimation of, 384 
Pituitary, disturbaucf^s r>f, basal 
metabolic rate m, 194 
lesions of, blood prcvssure in, 215 
Cushing’s thermic reaction in, 
215 

eye examination in, 214 
investigation of, 214 
sugar tf)leranoo in, determina- 
tion of, 215 
tests of urine in, 215 
X-ray examination of skull in, 
215 

Plasma, phosphate content of, esti- 
mation of, 364 
inclosed in azotaitnic nt'ph- 
ritis, 22 

saturation of, with COjj, apparatus 
for, 66 

Pleural effusions, gas replac'cment 
of, 274 

apparatus for, 277 
> BiirreU’s aspirator for, 276 

operation of, 277 
Potain’s trocar for, 277 
in artificial pneumothorax, 273 
in malignant disease, value of 
gas replacement in, 276 
tub(ircuIous, gas replacement of, 
275 

value of gas replacement in, 
275 

shock, prevention f)f, in artificial 
pneumothorax, 2f38, 272 
Pneumothorax, artificial, abnormal 
events, occurrence of, 272 
apparatus for, 264 
preparatioTj of, 266 
complications of, gas ciuliolus, 
273 

pleural adhesions, 273 
pleural effusion, 273 
pleural shock, 272 
surgical empliyscma, 273 
dithculties an Complications in, 
272 

history of, 262 
in adute tuberculosis, 264 
in bronohie<;tasis, 264 
in bronchopneumonia, 263 
indications for, 263 


PneumothoraXf in hsDmoptysis, 263, 
264 f 

in interlobar empyema, 264 
in localised pulmonary ab^jeess, 
264 

in pleurisy, 203 

m pulmonary tuberculosis, indi- 
cations for, 2(>3 

Lillingston and Pearson’s appa- 
ratus for, modified, 205 
method and apparatus for, 264 
necdlo^ jfor, 265 
operatic of, 267 
prepai^ion of patient for, 267 
prcvQuiidn of pleural shock in, 
26f5, ; 

r(‘lill 3 4^,k)pcratioii for, 270 
spac^klij; of, 271 
Itivier^ iteedle for, 265, 266 
Saugrajj&.I| iK^edle for, 265, 266 
spontan(«)i|8, ireatment of, 273 
Polarimetrie incthods of estimation 
of sugar fnlurinc, 52 
Poliomyelitis,* anterior, acute, com- 
position of ccrebro-apinal fluid in, 
327 

PoUaccine, 286 

Polyglandular insufliciency, basal 
metabolic rate in, 195 
Polygraph, evolution of, 217 
interpretation of tracing of, 220 
the a wave, 22 1 
the b wave, 221 
the c wave, 220 
the 7^ wave, 221 
the V wave, 221 
metliod of use, 219 
practical value of, 239 
tracing of auricular fibrillation, 
225 

flutter, 225 

jircmature systole, 222 
of heart-block, 224, 225 
of nodal premature systole, 223 
of normal rhythm, 220 
of sinus arrhythmia, 221 
of ventricular premature sys- 
tole, 223 
varieties of, 218 

Polyuria, provocative, tests of renal 
function, 25, 26 

Potain, sphygmomanometer, 242 
Potain’s trocar for use in gas 
replacement of pleural effusions, 
277 



404 


INDEX 


Pre^tclampiic 32 

PuilSiiftncy, albuminuria ol‘> classifica- 
tion of, 32 

calcium in blood in, S87 
kidney, 32 

sedimentation rate of cryihroc>'tes 
in, 338 

Premature systoles, 222, 233 
Price- Jones’ method for demon- 
strating siz(3 of crythrocj"te8 in 
aneemia, 340 

Prostate cases, tests of renal function 
in, 30 

gland oper«ations on, blood 
exa minations preliminary 
to, 5 

Protein digestion, inefficient, test for, 
106 

quotient in urine, 15 
tests, cut aneous, 280 
Protein-free filtrate, preparation of, 
349 

Proteins in urine, tests for, 14 
Pseudo-constituents in toxin in 
Schick test, 296 

Pulsus altemans, 226, 239, 242, 243, 
244 

Pus and mucin in urine, determina- 
tion of, 17 
oasts in urine, 17 

Pysemia, fragility of red blood cor- 
puscles in, 331 

Qttinidine, in treatment of heart 
disease, 253 
, action of, 256 
contra-indications, 254 
methods of administration 
and dosage, 265 
regimen of. 254 
results of, 256 
selection of cases for, 254 
symptoms of toxaiinia and 
other dangers, 255 
value of, 266 

Read’s formula for <‘.alculating basal 
metabolism in hyperthyroidism, 
194, 208 

RefiUs in artificial pneumothorax, 
270 

RehfusS fractional method of in- 
vestigation of gastric function, 
156 

test meal, 167 

Renal diseases, function in, tests of, 
13 


Renal diseaecs, function in, tests of, 
abnormal oonstituents in 
urine, 14* 

Albarran’s provocative poly- 
uria test, 26 

altered physiological balance 
between blood and urinqin, 
18 

analysis of urine in typical 
cahes of, 23 

benzoii*- acid administration 
in, 27 

blood analysis in, 18 
boiling test in, 14 
clinuial investigation of, 5 
elimination of substances ad- 
ministered in, 25 ' 
indigo carmine tost in, 29 
in medical cases, 33 
in obstetric casos^ SI 
in surgical cases, 30 
low' urinary diastase as sign 
of, 35 

phenol stilphone phthalew 
test in, 29 

phosphates in blo(wl in, 21 
relative concentration of sub ■ 
stances in blood and urine, 
24 

renal efficiency as shown by' 
quantitative analysis of 
urine in, 22 
renal test meals in, 27 
salicylsulphonic acid test in,l 5 
Strau.'^-Graunwald’s provoea - 
tive polyuria test in, 26 
urea administration in, 26 
urine in, volume and specific 
gravity of, 22 

Renal factor in keeping reaction of 
blood constant, 62 
glycosuria, 44, 56 

treatment of, -14 

threshold, 86. See also Leak 
point of kidney. 

Reunin, 105 

Residual systolic pressure, 241, 243 

Respiration and Jhe reaction, of IJtie 
blood, 63 ^ 

Respiratory disorders, clinical in- 
vestigation of, 6 

Betioulo-endothelial syitem of 
Aschofif, 124 

Retina, examination of, in pituitary 
lesions, 214 
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Riva«itooeP« method <*f determina- 
tion of systolic blood pressure, 243 
Riviere needle, for artificial pneumo- 
thorax, 266, 266 
Roger^s reaction, 132 
RoUeeton^s rule in blood press uros 
at various agen, 249 
Rothera's test for acetone and aoet ie 
acid in urine, 50 

Sacoharimeters for sugar estimation, 
63 

SaWi’s test, 107 

galicylsulphonic acsid test of urine, 
16 

' Salter, varieties of asthma, 286 
Salvarsan treatment, hepatic change 
in, 145 

Saugman needle for artificial piu*u- 
trothorax, 266, 266 
Scarlet feve% causative organism of, 
301 

experimental production of in 
man^30l 

immunisation in, active, 306 

dosage for different ages, 
306 

passive, 306 
dosage for, 306 

susceptibility to, Dick lost for, 
301, 303 

reactions of, 303 
value of, 304 
toxin for Dick test, 302 
Schick test, 294 

clinical value of, J 1 
requirements for and tech- 
nique of, 294 
aVcc aUo under Diphtheria. 
Schlesinger’s test for urobilin, 121 
Schmidt’s test for hydro -bilirubin 
in fsBOCs, 122 

of pancreatic function, 100 
Secretin^ production of, 104 
Sellard^ qualitative plasma reaction, 
66 

Sergent, let Ugne blanche surr inale t 
213 

Se^um, deproteinisation of, 350 
estimation of <%lcium in, by 
learner and Tisdall’s method, 
3T6 

peptone, in treatment of asthma, 

phosphate content of, in azotaemio 
nephritis, 387 


Serum, phosphate content of, in 
riekets, e87 • 

Sino-auricular block, 232, 233, 235 
Sinus arrhythmia, elcctrocardio- 
grapli in, 233 
polygraph in, 221 

Sippy’s method of treatment in gas- 
tric and dui>deiia1 ulc<*r, 1 73 
Skull, X-ray examination of, in 
pil uitary lesions, 2 1 5 
Sphygmograi^ Marc-y's* 217 
Sphygmomhhdmeter, Erlanger, 247 
Potain, S# 

Kiva-Hqi^^ 243 
Von Baiii^^212 
Steapsin, < 

Sterilisatioii'^^oi instruments for col- 
lection of|bl|[)od, 344 
Stomach, ration of H(3 in, 

faotQri influencing, 166 
ulcer of,’ (mronic, fi'catment of, 

modk‘4> 176 

diagnosia^of, by X-rays, 167 
hannatenfcsis due to, medical 
treatinent of, 170 
m>t corujdicatcd by hjomorrhage, 
treatment of, medical, 168 
Itenhartz method, 170 
Sippy method, 173 
treatiiMJnt of, 107 
surgical, indications for, 176 
See aUo under Gastric. 

Stools, blood in, test for, 152, 166 
bulkiness of, importance in diag- 
nosis of ])aiifTeatic lesions, 106 
Straus-Oraunwald’s provocative 
polyuria test of renal function, 
26 

String galvanometer, Einthoven’s, 
227 

Strophanthus in tiratmcnt of heart- 
disease, 263 

Sugar, estimation of, in diabt'tic 
urine, 51 

tolerance test, lag curve in, 66 
techm({ue, 66 

Surgical cases, tests of renal function 
in, 30 

Sympathcticotonia, 204, 207 
diagnosis of, response to drugs in, 
207 

Syncope, treatment of, by adrenalin, 
259 

Syphilis, cerebro-spinal, composition 
of cerebro-spinal fluid in, 326, 327 
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Syring^e a«d luH'dlo, storilifiation of, 
• 344 
iiiKuIiii, 1)3 

Systoles, premature, 22 223, 233 
234 

Tabes dorsalis without paralysis, 
ooniposition of eerebro -spinal 
fluid ill, 32fl 

Tachycardia, nodal. 226, 231) 
paroxysmal, 226 
auricular, 226, 238 
simple, 226, 238 
vciitrioular, 220, 230 
paroxysms of flutter or librilla- 
tion in, 226 
Test meals, Evvald, 151 
Behfusa, 156 
renal, 27 

in investigation of gastric func- 
tion, 150 

factors rontrolling composition 
of gastric contents after ad- 
ministration of, 150 
value of, in clinical iiivestigat ion 
of gastric function, 2 
Thermic reaction, (hisliing’s, in 
lesions of pituitary, 215 
Thoracoplasty, in bronchiectasis, 281 
Thyroid, disturbances of, basal meta- 
bolic rate in, 193 
Tisdall, see Kramer, 376 
Toepter’s reagent, 153, 154 
Tortoise heart, 235 
Total nitrogen in urine, estimation 
of, 379 

Toxeema^due to quinidiiic, symp- 
toms of, 255 
nf phritic, 32 
prc-eclamptic, 32 

Toxaemias ojp pregnancy, in»Tease in 
urinary diastase reaction and, 112 
Trachea, injection of lipioibd into, 
280 

Transtusion of blood, compatibility 
of various bloods, 332 
cause of fatalities in, 333 
Trypsinogen, 105 

Tuberculosis, pulmonary, artificial 
pneumothorax in, indications 
for, 263 

pulmonary, lipiodol in diagnosis 
of, 281 ‘ 

sedimentation rate of erythrocytes 
in, 338, 339 


Tumours, malignant, sedimentation 
rate of erythrocytes in, 338, 340 • 
Uifelmaun’s reagent, 152 
Ulcer, duodenal, principles of treat- 
ment of, 1 67 

gastric, principles of treatment of, 
167 

Uraemia, blood analysis in, 34r 
cercbro-spinal fluid analysis in, 
324 

Uraemic moiety, 385 
Urea, administration of, in test of 
ri'nal function, 26 
blood, distillation apparatus for, 
354 • 

estimation of, 355 

Folin and Wu method, 353 ^ 
Marshall, Van Slyke, and 
Cullen, and MacLean’s 
method, 367 ^ 
concentration tost, 26 
in urine, estimation of, 380 
Uric acid content of blood in gout, 
344 • 

in l)1ood, estimation of, 356 
in urine, estimation of, 381 
Urine, abnormal constituents in, in 
tests of renal function, 14 , 

aceto-acetic acid in, (lerbardt's 
test for, 49 
Rothera’s tost for, 50 
acetone bodies in, estimation of, * 
53 

acetone in, Rothera’s test for, 50 
albumin and globulin ratio, 16 
albumin in, tests for, 14 
amino-acid nitrogen in, esti- 
mation 'of, 383 

ammonia in, estimation of, 378 
analysis of, in renal ineflif-ieiicy, 
table of, 23 

eolorimi'trio methods of, 378 
and blood, altered physiological 
balance between, tests of 
renal function depending on, 

18 

and blood analysis, 344 
relative q^ncentration of »ub- 
stances in, in renal efficiency 
tests, 24 

bile pigments in, Gmelin’s tests 
for, 121 

iodine test for, 12^ 
salts in, tests for, 122 
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Urindt blood in, id<*niifi(‘ation of h>‘ 
guaiaoum test, 17 
casts in* lb 

creatiriin in, estimation of, 382 
diabetic, CHtimation of sugar in, 
Benedict’s <|uantit alive 

method, 51 

Fehling’s quantitative 
method, 52 

polariinetric methods, 52 
volumetric melhodH, 51 
quantitative tests on, 51 
diastatie index of, 1 1 1 
globulin in, tests for, 1 5 
low diastase content as sign of 
renal damage, 35 

- normal, voluni(‘ ami speeihe 
gravity of, 22 
pentose in, Bial's to-^t for, 
pin-sphattf^i in, estimati<»n of, 
384 

protein quotient, 15 
proteins y;i, tests tor, 14 
' pus and ’mucin in, di'terininatioii 
of, 17 

(juantitative analysis ol, as test 
** of renal e(ti(‘ien(‘ v, 22 
sugar in, lleiK'd let’s test lor, 47 
Kehling’s tf'st for, 4(» 
sugar in, excretion of, table of, 
53 

tests of, in lesions of pituitarv, 
215 

total acetone bodies in, estima- 
tion of by Van Slyke’s 
method, 53, 54 

nitrogen in, estimation of, 37U 
urea in, estimation of, 380 
uric acid in, estimation of, 
381 

urobilin in, tests for, 121 
urobilinogen in, tests for, 121 
Urobilin, formation of, 120 
ill urine, tests for, 121 
♦Schlesinger’s test for, 121 
Urobilinogen, Ehrlich’s test for, 
121 

formation of, 120| 
in urine, tests for, 121 
Urticaria, cutaneous protein tests in, 
293 

desensitisatiou in, 290 
Vaccines in treatment of bronchial 
asthma, 291 


j Vaccines, in treatment of diphtiicria 
1 carriers, 298 * 

; Vagotonia, 204„ 206 

diagnosis of, response to drugs in, 
207 

I van den Bergh reaction, in diagnosis 
' of hepatite disorders, 123 

I direct reaction, 1 2(> 

various tvqics of, 127 
; indirect rc*a<‘t ion, 127 

inli'i-proiatioo of results, 128 
' ipiantitlttive reaction, J27 

solution^ for, 126 

I Van Slyke -4nd Cullen's motliod 
of estiiriitti-on of blood urea, 

. 367 : 

Van Slyke’tMlx kI for esl i mat ion of 
n'sei've, 6<> 

for^&ltirnation of total acc- 
totte Inxlies in urine, 53, 

Vegetative nertmis syst-iun, 20-1 
Vein jmneiur^k collection ol bhaal 
by, 344 

Ventricular premature systoles, 222, 
223, 234, 235 

Volhard’s method for estimation oi 
ciiloridcs, 153, 159 
Von Basch, spliygmo manometer, 
242 

Von Jaksch's aiuemia, fragility of red 
blood <‘orpuH('lcs ill, 331 
Warden. 3ti4. 

Wassermann reaction and Lange’s 
colloidal g<»ld reaeiiun, com^iarison 
of, 326 , 

Water, elimination of, from body, as 
renal efTieicncy tc^st, 25 
Westergren modilication of Fah- 
raeus’ meth(»d for testing sedi* 
mentation rate of erythrocytes, 
336 

White line of Sergimt, in adrenal 
insufficiency, 213 
WidaFs reaction, 303 
Breyer’s macroscopic method of 
determining, 309 
standard agglutination in, 313 
test in disorders of liver, 135 
Wohlgemuth diastase test, Dodd’s 
modilication of, in diagnosis of 
})anen'alie disorders, 112 
Woodyatt’s formula, 87 
Wu. 3 47 - r63. #SVg alvo Folin. 
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X/ay appearances of lungs follow- 
ing lipiodol injection, 281 
X-ray diagnosis of lung diseases by 
bismuth injection, 279 

by lipi(*dol injection, 278 
X-ray examination of lungs by in- 
troduction of opaque substances, 
27J 


X-rays in diagnosis of pituitary , 
lesion^t, 215 

in examination of duodenum, 
167 

of stomach, 167 

Zeokwer and (loodcll’s method for 
testing sedimentation rate of 
erythrocytes, 387 




